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PREFACE. 

This work has been written in the hope of supplying 
a want which I believe is very widely felt ; viz. of a 
book which explains the elementary principles of 
Dynamics, illustrating them by numerous easy nu- 
merical examples in a manner suitable for use in 
Schools with boys of ordinary mathematical attain- 
ments. 

I have adopted a suggestion, — due I believe to 
Mr Hay ward, F.R.S., of Harrow School — that the first 
part of the book should treat exclusively of Linear- 
Dynamics; thus avoiding, at the beginning of the* 
subject, all purely geometrical difficulties. 

It will be found that, with the exception of one or 
two Articles, Sections I. and IV. (which may be read 
separately, and in which the fundamental Principles 
of Dynamics are explained) demand only a know- 
ledge of Simple Equations in Algebra. In no case is 
any greater knowledge on the part of the Student 
assumed, than is denoted by Progressions in Algebra, 
the Trigonometry of one Angle, and (in Chapters IX. 
and X.) the Parabola. 

I have ventured to suggest names for the units of 
velocity and acceleration, the use of which will be 
found to simplify considerably the language of the 
subject. 

I should be greatly obliged to those who may 
make use of the book if they would point out any 
defects or obscurities in the text or would offer 
suggestions for its improvement. 

J. B. LOCK. 

GONVILLE AND CaIUS COLLEGE. 

AprUy 1887. 



NOTE. 

The Examination Papers appended to the Book in most 
cases sufficiently indicate the range of the various Examina- 
tions. 

The following suggestions however may be found useful. 

For the Dynamics of the Additional Subjects in the 
Previous Examination at Cambridge, the Student may 
confine his attention to Section I., Section II. up to the 
end of Art. 63, and Art. 133 of Chapter XI. 

For the First M.B. Examination, in addition to the 
above, the Student should read Section IV. 

Those sections which are marked with an asterisk may in 
most cases be reserved with advantage for a second reading 
of the subject. 
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SECTION I. ' 

RECTILINEAR MOTION. 

CHAPTER I. 
VELOCITY, ACCELERATION. 

I, The d is t an ce of a point P from a point A is 
represented in direction and magnitude by the straight line 
joining A \.o P. 

The point P is said to be in motion relative to the other 
point A, when the distance of P from A is changing. 

The distance of P from A may be changing in length, or 
it may be changing in direction, or it may be changing 
both in length and in direction. 

While the direction of the distance of P from A remains 
unchanged the path of P is the straight line AP, 

We shall in this section discuss the motion of a point 
which moves always in a straight line. 

Accordingly, for the present, we are not concerned with 

any change of direction in the distances considered. 
P 

A 'h ^ 'k 1 "b 

Draw a straight line AB\ let this line extend any length beyond A 
and beyond B, Let a point P be in motion relative to A in the line AB, 
Then the distance AP is different at different instants. Thus, suppose 
the point P at one instant to be at H\ at another, at K\ at another, 
2X L;ff, K and L being points whose distances from A do not change ; 
then, P being in motion relative to A, P alters its distance from A by the 
distance HK in the course of a certain interval of time. 

This is what is meant when it is said that P passes over the distance 
HK in a certain interval of time. 

1^ D, "L 



2 DYNAMICS. 

We choose a fbot as our unit distance, 

2. In what follows we shall frequently use the word 
interval as an abbreviation for interval of time. 

We choose a second as our unit interval. 

Let the distances from A of the above moving point P be observed 
at the ends of a series of equal intervals of time. Then if its motion is 
of such kind that in each of those equal intervals the point P passes 
over equal distances, and if this is true whatever be the length of these 
equal intervals, then we say that the point P\% moving Tmiformly; hence, 

3. DEFINITION. The motion of a point P relative 
to another point A is said to be uniform when it is such 
that the point P passes over equal distances in equal in- 
tervals of time, however short those intervals are. 

Let us suppose that the point P is moving uniformly in the straight 
line AP, By its velocity we mean something which is doubled, trebled, 
etc if the distance which it passes over in a given interval is doubled, 
trebled, etc., and which is halved, divided by three, etc. if the interval 
occupied in passing over a given distance is doubled, trebled, etc. ; in 
other words, 

4. DEF. The velocity of a point which is moving 
uniformly in a straight line is that which varies! directly 
as the distance passed over in a given interval, and which 
varies inversely as the interval occupied in passing over a 
given distance. 

Velocity is therefore something which we observe in a moving point. 
It is capable of measurement; for we can say that the velocity of a 
point is double, or that it is half, or that it is some multiple, of the velo- 
city of another point. We therefore choose a certain velocity as our 
unit velocity, and give it a name ; just as we choose a unit of length 
and call it a foot ; and a unit interval and call it a second...; hence 

5. DEF. We choose as our unit velocity the velocity * 
of a point which moving uniformly passes over the distance 

I foot in the interval i second. 

t See Lock's Arithmetic, p. 162. 
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We shall call this unit velocity a velo. 
A velo in a given direction, is a foot per second in that 
direction. 

The word/^ here denotes _/2?r every, 

NOTE. It is most important to notice that a point 
which has velocity requires an interval of time in which to 
pass over a ^^//^ distance. 

A point P may have velocity at a certain instant, but unless the 
velocity continues during some interval after that instant, the point does 
not pass over any finite distance. 

For example, a bullet which strikes a target is said to have a certain 
velocity at the instant at which it strikes. 

Example i. A point which moves at the rate of 3 feet per second 
has a velocity 3 times as great as that of a point which moves at the 
rate of i foot per second. Hence its velocity is 3 velos. 

Example ii. Express in velos the velocity of a point which moves at 
the rate of do miles per hour. 

This point in i hour passes over 60 miles; 

that is, in 60 X 60 seconds it passes over 60 x 1 760 x 3 feet; 
but it passes over an equal distance in each second ; 

therefore in i second it passes over — (if. — ^*^^^ '•» ^^^* ^t ^^ ^*^^** 
Hence, its velocity is 88 velos. 

Example iii. A point has the velocity 8 velos; how many miles does 
it pass aver in an hour ? 

The point has 8 velos ; therefore, in i second it passes over 8 feet ; 
and it passes over equal distances in equal intervals; 

therefore in 60 x 60 seconds it passes over 60 x 60 x 8 feet; 

,, , . 8 X 60 X 60 ., - ., 

that is, z miles ; or, 5t^ miles. 

1760x3 '-ii-— 

EXAMPLES. I. 

In each of the following questions the velocity given is uniform, 

1. If I run 100 yards in 11 seconds, what is my velocity in velos ? 

2. A man runs at the rate of 7 velos ; how long would he take to 
run a mile with this velocity ? 

3. Express in miles per hour (i) 40 velos, ^>\^ 100 '^^?». ^^t. tkccn^r.^ 
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4. How many velos has the extremity (i) of the minute hand of 
a clock which is i foot long, (ii) of the hour hand which is lo in. long. 
\The circumference of a circle—^ of the diameter, '\ 

5. How many velos has a man standing at the equator, in con- 
sequence of the daily revolution of the earth about its axis, the diameter 
of the earth being, say, 8ooo miles? 

6. The velocity of sound is iii8 velos; how long does it take to 
travel 13 miles? 

7. Which is the greater velocity, 60 miles an hour or 500 yards in 
1 1 J seconds ? 

A 8. Find the ratio of the velocities 7.\ miles in 3 minutes and 10 ft. 
in a quarter of a second. 

9, The following are the * records' in foot racing (i) 100 yds. in 
10 sees, (ii) a quarter of a mile in 49 sees, (iii) a mile in 4 min. i2f sees, 
(iv) ten miles in 51 min. 6{ sees. ; express the average velocity of each 
in velos. 

10, The following are the records in bicycle racing (i) a mile in 
3 min. 30 sees, (ii) 20 miles in 59 min. 6f sees, (iii) 22 miles 150 yds. in 
I hour; express the average velocity of each in velos and in miles per 
hour. 

6. A point which has v velos passes over v feet in 
I second; it therefore passes over (/times v) feet in/ seconds. 

Hence, if s be the number of feet passed over in / seconds 
by a point which has a uniform velocity of v velos, we have 

s=vt. 

Example, A point passes uniformly over a miles in b hours; express 

its velocity in velos. 

In ^ X 60 X 60 seconds it passes over a x 1760 x 3 feet, therefore 

J .^ 1760x3x^5 

m I second it passes over -^ — >-■ - — ^ feet : 
'^ 60x60x0 

22a 
that is, — i feet ; 

therefore it has — v velos. 

7. The measure of the velocity of a point (when a 
velo is the unit) is the number of velos which it has. 

This is the ratio of the number of feet passed over in 
any interval to the number of seconds in that interval 
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For, with the notation of Art. 6, s = vt] 
therefore ▼=?. 

u 

Hence, the velocity of a point is measured by the rate at 
which it passes over distance per unit interval of time; 
in other words, by the number of units of length which it 
passes over in unit interval. 

EXAMPLES, n. 

The velocities given are uniform, 

1. Express in velos a velocity of c miles per Ibour. 

2. A point has v velos ; how far does it go in h hours ? 

3. A point has k velos ; how long does it take to go m yards? 

4. A point goes m yards in / seconds ; how many miles does it go 
in h hours supposing its velocity uniform ? 

5. A point goes \ inches in i minute; how far does it go in 
k days at the same rate ? 

6. A point goes k feet in / seconds ; how long does it take to go 
nt miles with the same velocity ? 

7. A train goes n miles in k hours ; how far does it go in / seconds? 

AVERAGE VELOCITY. 

8. DEF. The average velocity of a moving point 
during a given interval, (in which it is not moving uni- 
formly), is the velocity of another point which, moving 
uniformly^ passes over the same distance in the same 
interval 

Example, A point moves over 6 ft., 7 ft., 8 ft. and 9 ft. respectively^ 
in four consecutive seconds ; find its average velocity for the four 
seconds. 

In 4 seconds it passes over (6 + 7 + 8 + 9) ft. ; that is, 30 ft. 

Thus, in 4 seconds a point having the required average velocity passes 
over 30 feet ; 

therefore in i second this point passes over 7 J feet; 
that is, the required average velocity is 7^ velos. 
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EXAMPLES, m. 

1. A point passes over 9 ft., 10 ft., 11 ft. and 12 ft. in 4 con- 
secutive seconds ; find its average velocity for the 4 seconds. 

2. Find the average velocity of the point in Question i (i) for the 
first 3 seconds, (ii) for the last 3 seconds. 

3. A point passes over 20 yds., 24 yds., 28 yds., 32 yds. and 36 yds. 
in 5 consecutive seconds, shew that the average velocities for the 
5 seconds, for the 3 middle seconds and for the i middle second are 
all equal. 

4. A point has an average velocity of 2 velos, 3 velos, 4 velos, 
5 velos, and 6 velos respectively in 5 consecutive intervals of 5 seconds 
each ; find the average velocity for the 25 seconds ; how far does the 
point go in the 25 sees.? 

5. A point moves over a ft., la ft., 3a ft. and ^ ft. respectively in 
4 consecutive intervals of b seconds each; find its average velocity 
for the whole time. 

6. A point has an average velocity of lyf velos, iiz; velos, 
^v velos, *iv velos and 52/ velos respectively in 5 consecutive intervals 
of / seconds each ; find the average velocity for the 5/ seconds. 

7. A point has an average velocity of 3 velos for 2 sees., 6 velos 
for the next 4 sees., 10 velos for the next 4 sees, and 15 velos for the 
next 6 sees.; shew that in the 16 seconds it passes over the same 
distance as a point which has an average velocity of 3, 5, 7, 9, it, 13, 
15, 17 velos respectively in 8 consecutive intervals of 2 seconds each. 

VELOCITY WHICH IS NOT UNIFORM. 

9. Consider a point in motion not moving uniformly. 
Its average velocity during any interval varies directly as 

the distance passed over in that interval and inversely as 

the length of the interval. 

Its average velocity will be different for different intervals. 

It is the average velocity of a train for a certain interval, which is 
found by noting the number of seconds occupied by the train in passing 
successive quarter-mile posts ; but it is not the average velocity which 
is meant when we speak of the velocity of a point at a certain instant. 

Consider two very long trains moving on parallel lines in the same 
direction. Let one of the trains {P) be moving with a constant velocity, 
say, 20 velos; let the other train {Q) start from rest and move gradually 
faster and faster. A passenger in train P will see his train gain on train 
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Q at first ; but as time goes on, the train P goes faster, until at last there 
comes an instant at which the two trains are moving exactly together 
and neither is gaining on the other ; this is only for an instant ; it occurs 
at a certain instant. The train Q immediately begins to gain on the 
train P\ but there is a particular instant at which neither train is 
gaining on the other and the two trains are relatively at rest. At that 
instant we say, that the velocity of the train Q is equal to the velocity 
of the train P ; that is, the velocity of the train Q at that instant is 
ao velos ; hence, 

10. DEF. The velocity of a moving point (which 
is not moving uniformly) at a given instant, is the velocity 
of another point which, moving with uniform velocity in the 
same direction, is at that instant at rest relatively to the first 
point. 

UNIFORMLY INCREASING VELOCITY. 

11. The simplest case of a point moving with velocity 
which is not uniform is that of a point whose velocity 
steadily increases or whose velocity steadily decreases. 

When a point is said to have velocity which is increasing or de- 
creasing, the point does not move for an interval, with uniform velocity 
and then suddenly move with a different velocity, but the velocity at any 
instant is the velocity which gradually increases or decreases. 

12. DEF. A point is said to move with uniformly 
increasing velocity when in the course of each of a series 
of equal intervals its velocity receives an equal increment, 
no matter how large or how small these equal intervals may 
be. 

The velocity grows steadily ; it does not increase by jerks or steps. 

Suppose that a point P is moving with uniformly increasing velocity; 
suppose that at a certain instant its velocity is lOO velos, and that after an 
interval of i second its velocity is loi velos; then at the end of one 
more second its velocity will be 102 velos ; at the end of another half- 
second its velocity will be 102 J ; and so on. Its velocity increases at 
the rate of i velo per second. 
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Example, A point moving with uniformly increasing velocity has 
velocities 10 velos and 28 velos respectively at the beginning and at 
the end of an interval of 11 seconds, find its velocity 3 seconds before the 
beginning of the interval and 3 seconds after the end of the interval. 

In 12 seconds the velocity increases by 8 velos; therefore 
in I second the velocity increases by A, or |^ velo. 

Hence, 3 seconds before the instant at which it has 20 velos it has 
(20-3x1) velos, or 18 velos. And 3 seconds after the instant at 
which it has 28 velos, it has (28 + 3 x f) velos, or 30 velos . 

13. A similar definition applies to the expression 
uniformly decreasing velocity. 

Example. A point moving with uniformly decreasing velocity has 
30 velos ; after 5 seconds it has 20 velos ; when will it come to rest? 

The velocity diminishes by 10 velos in 5 seconds, 

therefore it diminishes by 30 velos in 15 seconds. 

When it has diminished by 30 velos it has o velo and is at rest. 
Therefore it comes to rest in 15 sees. 

EXAMPLES. IV. 

In the following examples the motion is it^ each case that of uniformly 
increasing or decreasing velocity. 

1. A point has 8 velos at the beginning and 9 velos at the end of 
a certain second ; how many velos has it after 4 more 'seconds ? 

2. In a certain interval of half a minute the velocity of a point 
increases from 10 velos to 100 velos; what was its velocity at the 
middle of the interval ? 

3. In I hour the velocity of a point decreases from 300 velos to 
120 velos ; what was its velocity at the end of each quarter of that hour? 

4. At noon a point is moving with 20 velos; at 4 p.m. it has 
100 velos ; what velocity has it at 2.15 p.m.? 

5. At 2 o'clock a point has 7 velos; at 2.45 it has 142 velos ; what 
has it at 3.30? 

6. A train is being pulled up, and moves with uniformly decreasing 
velocity ; at a certain time it is going 60 miles per hour, after 18 seconds 
it has 80 velos ; when will it stop ? 
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7. A point which started from rest has after 4 seconds a velocity 
of ICO yds. per minute ; when will it have 10 velos? and when will it be 
going at the rate of 60 miles an hour ? 

8. A point at a certain time has 11 velos; 2 minutes later it 
is moving with a velocity of 30 miles an hour ; when was it at rest ? 

9. A point has 128 velos and its velocity is decreasing at the rate 
of 32 velos per second ; when will it come to rest ? and how long will it 
be before it again has 128 velos? 

10. A point moving at the rate of 1 1 ft per second has its velocitv 
increased by 7 ft. per second per second ; when will it be moving 
at the rate of 60 miles an hour? 

11. A point whose velocity is decreasing at the rate of (32,ft. per 
second) per second comes to rest after 3 seconds ; what was its velocity 
at the beginning of the ^ seconds ? and what at the middle of the 
3 seconds ? and what was it after 3 seconds more ? 

12. A point whose velocity is increasing at the rate of 32 ft. per 
second per second is moving vertically downwards with a velocity of 
112 ft per second; when was it at rest? and when was it moving 
vertically upwards with a velocity of 112 ft. per second? 



14. When a point is moving with uniformly increasing 
velocity, its average velocity in a given interval of time is 
greater than the velocity which the point has at the beginning 
of the interval and is less than the velocity which the point 
has at the end of the interval 

For its velocity at the beginning of the interval is less than its 
velocity at any other instant in the interval, and its velocity at the end of 
the interval is greater than its velocity at any other instant in the interval. 

15. The same thing may also be stated thus; 

Let a point, moving with uniformly increasing velocity, at 
the beginning of a certain interval of / seconds have u velos, 
and let the point at the end of the interval have v velos ; 
then, the distance passed over by the point in this particular 
interval of t seconds is greater than / x « feet and is less 
than / X z/ feet 
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Example i. A point has 8 velos and its velocity is increasing at 
the rate of i velos per second ; shew that in the next four seconds // 
passes ffver more than 44 feet and less than 52 feet. 

Its velocity at the beginning of each second is 8, 10, 12, 14 velos 
respectively; therefore it passes over more than (8 + 10+12+14) feet 
in these 4 seconds. 

Its velocity at the end of each second is 10, 12, 14, 16 velos 
respectively; therefore it passes over less than (10+ 12 + 14+ 16) feet 
in these 4 seconds. 

Example ii. Shew by taking the velocity of the point in Example i at 
the beginning and at the end of each quarter second, that the distance 
passed over in the 4 seconds lies between 47 feet and 49 feet. 
At the beginning of each J second the velocities are 

8, 8J, 9, 9J, 10, loj etc.... up to 15J, velos, respectively, 
and the distance passed over is therefore greater than 

i{8 + 8J + 9 + 9j + + T5j}feet, 

that is, greater than 47 feet. 

At the end of each J second the velocities are 

8J, 9, 9J etc.... up to 16, velos, respectively, 
and the distance passed over is therefore less than 

i {8i + 9 + 9J+ + 16} feet, 

that is, less than 49 feet. Q. E. D. 

EXAMPLES. V. 

The following velocities are each uniformly increasing or decreeing. 

1, A point has 8 velos and its velocity is increasing uniformly at 
the rate of i velo per second ; shew by considering the velocity at the 
beginning and at the end 

(i) of each second, that the distance passed over in the next 
£0 seconds is greater than 125 ft. and less than 135 ft. 

(ii) of each ^ih of a second, that the distance passed over in 
the TO seconds is greater than 129^ ft. and less than 130J ft. 

2, A point has 120 velos and its velocity is decreasing at the rate 
6f 32 velos per second ; shew by considering the velocity at the end of 
each -^th of a second that the distance passed over in the next second 
is less than 104 J ft. and greater than 103 J ft. 

3, A point has 16 velos and its velocity is increasing at the rate of 
32 velos per second ; shew by dividing the interval of time into -jj^-ths 
of a second that the distance passed over in the next 3 seconds cannot 
differ from 192 feet by more than 18 inches. 
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4. A point is at rest and velocity is given to it uniformly so that 
at the end of i second it has 32 velos ; shew as in example 3) that in 
the 3rd second of its motion the distance which it passes over does not 
differ from 80 feet by more than 6 inches. 

5. A point has u velos, and its velocity is increasing at the rate 

of 32 velos per second; shew, by dividing the next 8 seconds into 

8» equal parts, that the distance passed over in those 8 seconds cannot 

128 
differ from (8/1^+1024) feet by more than — feet. 

n 

6. A point has u velos, and its velocity is increasing at the rate of 

a velos per second ; shew, by dividing the next / seconds into n equal 

parts, and considering the velocity at the beginning and the end of 

these n intervals, that the distance passed over in / seconds cannot 

a/2 
differ from (« + J o/) x / feet by more than — feet. 

7,71 

16. It is of the greatest importance that the student 
should mentally realize the motion of a point moving with 
uniformly increasing (or decreasing) velocity. 

Consider again the case of two very long trains A and B moving on 
parallel lines in the same direction; suppose them to be passing a 
certain station H<i — the train A with a constant velocity 20 velos, — the 
train B with a constantly increasing velocity which, when the engine is 
at H<t is 4 velos. 

At H suppose the engines are abreast ; at first A will gain upon B ; 
but it will gradually gain more and more slowly, until an instant arrives 
when the two trains are relatively at rest ; after which time B will at once 
b^n to gain upon A ; and will gradually gain at a faster and faster rate. 

Hence an instant arrives when the engines are again abreast ; suppose 
this to occur at a place K\ then each train has passed over the distance 
from H Xo K XQ. the same interval ; hence the average velocity of F, 
for the time occupied in going from H to K \% the velocity of A<t viz. 
20 velos. 

We proceed to prove that the instant at which the two trains are 
relatively at rest, is at the middle of the interval of time which they each 
take in going from H to K, 

The proof given on the next page may be deferred if it 
is thought desirable. An alternative proof is given in 
Art. 24. 



12 DYNAMICS. 

1 7. PROP. When a point is moving with uniformly 
increasing velocity^ its average velocity for any given 
interval of time is equal to the velocity which the moving point 
has at the middle of that interval of time. 

c 

A L M D E N R B 

Let the given interval of time t seconds be represented 
by the length of the finite straight line AB, 

Divide the t seconds into any odd number n of smaller 
equal intervals, each containing r seconds. 

Let DE represent the middle interval of t seconds j and 
let C be the middle instant of AB^ and therefore of DE, 
Take a pair of the little intervals LM zxA' NR^ one on 
each side of C and equidistant from C 

Let the moving point at the instant D have v velos ; at 
the instant C, v velos ; and at the instant Ey v" velos ; let 
w be the number of velos added on in the interval LD. 

At the instant L the moving point has {v' — w) velos ; 

at the instant N it has (z/ + w) velos j at the instant M it 

i has {v" — w) velos ; at the instant E it has {v" + u*) velos. 

\ [Since the number of velos which it has increases uniformly 

\with the time, and LD = ME = I)N=ER.] 

\ The distance passed over by the point in the intervals 

j^M and NR together, is therefore greater than {{v' -w)r 

+ (v' + w) r) feet, and less than {(%/' ~w)t + {v'^ + w)} r feet ; 

that is, greater than 2tz/' feet, and less than 2rv" feet. 

Also, in the middle interval DE, the distance passed 
over is greater than rv' ft. and less than rv" ft. 

Hence, the whole distance passed over in all the n in- 
tervals is greater than nr xv^ ft. and less than nr x 7/' ft. ; 
that is, greater than ti/ feet and less than tv" feet. 

This is true however great the odd number n may be. 
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Let n be increased without limit ; then t is diminished 
without limit and v' and v'* each approach v as their limit. 
Therefore the distance passed over in the whole interval 
/ seconds (which distance is between tif feet and tv" feet) 
cannot be other than tv feet 

In other words, its average velocity for the time t seconds 
is V velosj and this is the velocity which the point has at C, 
the middle of that interval of / seconds, q. e. d. 

Example i. A point has 18 velos, and is moving with uniformly 
increasing velocity y so thai i second letter it has 20 velos; how far does it 
go in that second? 

The average velocity for the i sec. is the same as the velocity which 
the point has at the middle of the interval, that is, after half a second. 

Since in i second the velocity is increased by 2 velos, 
therefore in J second the velocity is increased by i velo ; 
hence the average velocity for the i second is (18+ 1), or, 19 velos. 

In I second it passes over 19 x i ft., or 19 feet. 

Example ii. How far does the point in Example i. go in 8 seconds? 

The middle of the interval of 8 seconds is 4 seconds after the time 
when it has 18 velos. 

In I second the velocity is increased by 2 velos, 
therefore in 4 seconds the velocity is increased by 8 velos ; 
hence, the average velocity for 8 seconds is (18 + 8) or 26 velos ; 
therefore, the distance passed over is 26 x 8 ft.; that is, 208 feet. 

Example iii. A pointy momng with uniformly decreasing velocity, 
passes over 294 ft. in 7 sees. ; and at the beginning of the 7 seconds hcu 
49 velos ; find its velocity after 3 seconds more. 

Since it passes over 294 ft. in 7 seconds, its average velocity 
[Art 8] is 42 velos; 

its actual velocity at the middle of the 7 sees, is equal to this average 
velocity ; 

hence, since at the beginning of the 7 seconds it has 49 velos, and 
3J seconds later it has 42 velos, therefore its velocity decreases by 7 velos 
in 3 J sees. ; or, by 2 velos per second ; 

hence, after 10 seconds it will have (49 - 20) or 29 velos. 
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EXAMPLES. VI. 

In the following examples the velocity is uniformly increasing {or 
decreasing), 

1. A point has loo velos at 12 o'clock, and its velocity increases to 
104 in I second; find 

(i) how far it goes in i second, 

(ii) how far it goes in 2 seconds, 

(iii) how far it goes in the 30 seconds after 12. i' o'clock, 

(iv) how far it goes between 12.1' and 12.2' o'clock. 

2. At a certain time a point has 16 velos, and its velocity increases 
at the rate of 32 velos per second; shew that in the next three seconds 
it passes over 192 ft. [See Ex. V. 3.] 

3. A point has 120 velos, and its velocity is decreasing at the rate 
of 32 velos per second; shew that in the next second it passes over 
104 ft. [See Ex. V. 2.] 

4. A point in a certain interval of 3 seconds passes over 300 feet ; 
in the next 4 seconds it passes over 764 ft. ; shew that its velocity is 
increasing at the rate of 26 velos per second. 

5. A point in a certain interval of 5 seconds passes over 125 feet; 
in the next 8 seconds it passes over 304 feet ; when did it start from 
rest ? V \ 

6. A point is observed to pass over 120 ft., 129 ft., 138 ft. respec- 
tively in 3 consecutive seconds; is this consistent with uniformly in- 
creasing velocity? 

7. Starting from rest, in the 5th second of its motion, a point passes 
over 144 ft. ; find its velocity after 10 seconds from rest. 

8. A point passes over 144 ft. in a certain interval of 2 seconds 
and comes to rest after 3 seconds more; how much further did it 
move? 

9. A point starts from rest, and after 10 seconds it has 25 velos ; 
ihow far does it go in the 20th second of its motion ? 

1 10. A point passes over 24 ft. in a certain second ; at the end of 
ihat second it has 28 velos ; how far does it go in the next second ? 
dnd when is it at rest ? 

11. A point passes over 144 ft. in two seconds and over 96 ft. in 
the next two seconds ; when will it come to rest? and how far does it 
move before doing so ? 

12. A train goes 10 miles in a quarter of an hour, having started 
from rest ; shew that if its velocity has been uniformly increasing, it is 
moving at the end of that quarter of an hour with a speed of 80 miles 
per hour. 
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1 8. DEF. When a point is moving with uniformly 
increasing velocity, its acceleration is that which varies 
directly as the increase of velocity in a given interval, and 
inversely as the interval required for a given increase of 
velocity. [Compare Arts. 3 and 4.] 

Thus, the acceleration of a point is doubled, or trebled etc when the 
velocity added in a given interval is doubled, or trebled etc. ; and it is 
halved, or divided by three, etc when the interval (in which a given 
velocity is added) is doubled, or trebled etc 

19. We shall choose as our unit acceleration the 
acceleration of a point which, moving with uniformly in- 
creasing velocity, has its velocity increased by i velo in the 
course of each second. 

We shall call this unit acceleration a celo. 

Thus, a celo is [a foot per second) per second. 

NOTE. It is most important to notice that a point 
which has acceleration requires an interval of time in which 
to increase its velocity by any definite amount. 

Example i. A point which has 6 velos added to its velocity in 
the course of each second, has six times the acceleration of a point 
having the unit acceleration ; hence it has 6 celos. The same point has 
I velo added in the course of the ^th part of a second. 

Example ii. A point hcLs at a certain instant 12 velos and it has 
6 celos ; how many velos will it have 10 seconds later i 

In the course of i second 6 velos are added, 
therefore in 10 seconds 60 velos are added. 

So that after 10 sees, the point has (12 + 60) velos, or 72 velos. 

Example iii. How far does the point in Ex. ii go in those 10 sees. 

The average velocity of the point in the 10 seconds is that which it 
has at the middle of the interval ; that is, (12 + 5 x 6) velos, or 42 velos; 
therefore, in 10 seconds the point goes 42 x 10 ft., or 420 feet. 
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Example iv. A point hamng 32 celos starts from rest ; how far 
will it go in the 4th second of its motion? and how far in the 12th 
second ? 

At the middle of the 4th second, that is, after 3^ sees., it has 
35^x 32 velos, or 112 velos ; hence, 
•during the 4 th second its average velocity is 112 velos ; 
therefore, in that second it passes over 112 x i ft., or 112 ft. 

Again, at the middle of the 12th second; that is, at the end of 
I \\ sees, it has 1 1^ x 32 velos, or 378 velos ; therefore, 

in the 12th second its average velocity is 378 velos; 
so that in that second it passes over 378 ft. 

Example v. A point which has u velos, has ti velos added on in 
t seconds.; what is its acceleration? 

When I velo is added in i second the point has i celo ; 

therefore, when i velo is added in / seconds the point has - celos, 

and when «' velos are added m / seconds the point has — celos. 

u' 
Therefore the required acceleration is — celos. Hence 

20. The measure of the acceleration of a point is the 
ratio of the number of velos added in an interval to the 
number of seconds in that interval. 

In other words, the acceleration of a point is measured 
by the rate at which its velocity increases per unit-interval 
of time 

or, by the number of units of velocity added on per 
unit-interval. 

21. When the velocity of a point is decreasingMvMovoAy 
it is said to have negative acceleration. 

When the acceleration of a point is opposite in direction 
to its velocity it is often called retardation. 

Suppose a point to have 32 velos and i second after to have 30 velos, 
we say it has - 2 celos. This is consistent with the actual result and 
is a very convenient way of speaking. 

This point 5 seconds later will have (32-2x5) velos. 
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EXAMPLES. Vn. 

In these examples the motion in each case is uniformly accelerated in 

one straight line, 

1, A point has i6 velos and 32 celos, find 

(i) its velocity after 2 seconds, 

(ii) its velocity after 5 seconds, 

(iii) how far it goes in the first 4 seconds, 

(iv) how far it goes in the first 20 seconds, 

(v) when it will have 1 100 velos, 

(vi) when it was at rest. 

2, A point has 200 velos ; 5 seconds later it has 300 velos ; find its 
acceleration. 

3, A point passes over 144 ft. in 3 seconds and has 32 celos; shew 
that it started from rest. 

4, A point passes over 144 ft. in 3 seconds and has 32 celos; how 
far will it go in the next 4 seconds? 

5, In a certain interval of 5 seconds a point passes over 250 ft. and 
in the next 8 seconds it passes over 608 ft. ; find its acceleration. 

6, A point starts from rest, and in the roth second of its motion it 
passes over 304 ft. ; find its acceleration and the distance it passes over 
in the 5th second of its motion. 

7, A point has 30 velos and - 5 celos ; find 

(i) its velocity after 3 seconds, 

(ii) when and where it comes to rest, 

(iii) the distance passed over in 5 seconds, 

(iv) the ratio of the distance passed over in the first 3 seconds to 
that passed over in the next 3 seconds, 

(v) when it has gone half of the distance which it goes in the first 
6 seconds. 

8, In a certain interval of 3 sees, a point passes over 288 ft. ; in 
next 2 sees, it passes over 32 ft. ; find 

(i) its acceleration, 

(ii) when it is at rest, 

(iii) where it is after 3 more seconds, 

(iv) when it has 144 velos, 

(v) when it has - 144 velos. 

9, A point passes over h feet in / seconds ; in the next it seconds it 
passes over k feet ; find its acceleration. 

10, A point passes over h feet in 2 seconds ; after an interval of 
/ seconds it is observed to pass over k. feet in 2 seconds ; find its accele- 
ration. 

L, D. ^ 
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22. PROP. Let a point have u velos at the beginning 
of a certain interval of t seconds ; let it have a celos ; and 
let s feet be the distance it passes over in the t seconds ; then 

s=ut+iat2 (i). 

For, the average velocity of the point for the / seconds is 
that which it has at the middle of the interval ; that is, the 
velocity which it has after \t seconds. 

But a velos are added to its velocity per second ; 
therefore, (J/ times a) velos are added on in \t seconds ; so 
that its average velocity for the / seconds is {u + \a£) velos. 

Therefore, the distance passed over in the / seconds is 

[(« + Ja/)x/] feet; 

hence, s = ut+ JaA q. e. d. 

23. In future, when using the letters s, «, a or / we 
shall always suppose them to have the meaning given them 
in Art. 22. 

24. The results of Arts. 17 and 22 may also be proved 
by the method of Examples V. 6 as follows : 

To prove, with the tisual notation, that 

s = ut+ |a/'. 

Let the interval / seconds be divided into n equal 
intervals each of t seconds ; so that, nr = /. 



The velocities at the be- 
ginning of these n intervals 
are respectively 

u velos, 

(u + ar) velos, 

(u + 2aT) velos, 



{u + n-i ar) velos. 



The velocities at the end 
of these n intervals are re- 
spectively 

(u-har) velos, 
{u + 2aT) velos, 
{u + ^ar) velos, 

• • • 

• • • 

(u + nar) velos. 
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Therefore the sum of the distances passed over by the 
moving point in these n intervals is [Art. 14] greater than 
[«r + (« + aT)T + («+ 2a,T)r ■!-... + («+ n- i ar)T\ feet, 

and is less than 
[(« + ar) T + (« + 2aT) r + . .. + (2^ + ^ar) r] feet. 
That is, the required number of feet s is greater than 

\n {2UT + (« — i) ar"} 
and less than ^n {2 {u -h ar) r + (n — 1) aj^} ; that is, 

s is greater than \ unr + \ a« V — J \ , 

and J is less than j««T + |a«V" + J i; 

but «T is /, so that 

a/* 

J is greater than ut + Jo/* - ^ — , 

and J is less than ut + Jo/" + J — . 

a/* 
This is true however great n may be ; and \ — diminishes 

as n increases. 

Let n be increased without limit ; then s lies between two 
numbers each of which differs from ut + \af by a number 

J — ] which is diminished without limit. 

Therefore s cannot be different from ut + \af. Q. e. d. 

25. Let V velos be the velocity of the point at the end 
of the interval of / seconds, then 

V velos = (« + at) velos 
or, v = u + at (ii), 

but, s=ut+lat\ 

therefore, 2as = 2aut + aV**, 

hence, 2as = // + 2uaLt + aV* - «* 

7. 1 



( 



20 DYNAMICS. 

26. These three results are of great importance; viz. 

V=u+at (i)r 

s=ut+Jat2 (ii)^ 

as=iv2-iu2 (iv), 

/*/ being understood^ that^ in an interval of t seconds, a point 

which has a celos has u velos at the banning, and v velos at the 

end of the t seconds; and during the t seconds /^xj^x over s feet 

Example i. How long will a point which has initially 400 velos 
and -32 celos, take to go a distance of 1600 feet from its initial 
position ? 

Let the required interval be x seconds ; then since 

therefore, 1 600 = 400^ - 1 6^*, 

or, :t^- 25^+ 100=0, 

or, . (^-2o)(:r-5)=o. 

So that, either j:= 20, or jc=5. 

Thus the required interval is either 5 seconds, or 20 seconds. 

The point has - 32 celos ; that is, its velocity is decreasing. In 
5 seconds it passes over 1600 ft.; then it goes on, comes to rest, and 
returns to the same point, after 15 seconds more. 

Example ii. A point has initially 20 velos and it has 5 celos ; how- 
far will it go in attaining a velocity of 100 velos ? 

JL«et the required distance be x feet ; then since 

as=\i^-\u^, 
therefore, 5^ = i ( 100^ - 20*), 

or, ix = 5000 - 200. 

that is, x=g6o. 

The required distance is g6o/eet. 

Example in. A point is moving with a velocity ^15 miles per 
hour, and has an acceleration ^ i mile per minute per minute; how far 
does it go in the next minute 7 

15 miles per hour=22 velos. [Ex. ii, p. 3.3 

By an acceleration of i mile per minute per minute, is meant that an 
additional velocity of one mile per minute is produced in each minute. 
Now, a mile per minute =-4^ x 3 ft. per second, 

that is, 88 velos. 
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Hence, 88 velos are added on in the course of each mmute ; 
that is, ff velos are added on per second. 

Hence, i mile per min. per min. = ff celos. 

Therefore the point will move over 

{22 X 60 + J . If X (6o)2} feet in 60 sees. ; 
that is, (1320 + 2640) ft., or, 3960 ft. 

EXAMPLES. Vm. 

The motion in each case is thai of uniform acceleration in a straight line. 

1, A point has initially 96 velos and it has - 32 celos ; in how 
many seconds will it be at a distance 144 ft. from its initial position ? 

2, A point has initially 20 velos, and it has 2 celos ; how long will 
it take to go 100 ft. ? and how far will it go in attaining a velocity of 
25 velos? 

3, One point /'has initially 200 velos and it has 32 celos; a second 
point Q has initially 1000 velos and 16 celos ; initially they start from 
the same point in the same direction; when are they again together? and 
how far will they have gone ? 

4, A point starts from rest with 32 celos, and from the same place, 
at the same time and in the same direction another point starts with 
initially 40 velos and 30 celos ; when and where will the first point over- 
take the second ? and when will they have equal velocities? 

5, A point having initially 20 velos attains a velocity of 30 miles 
per hour in passing over 128 ft. ; find its acceleration. 

6, A point after passing over a quarter of a mile with an accele- 
ration of 20 ft. per second per second, attains a velocity of 2704 ft. 
per second ; what was its initial velocity ? 

7, A train in passing over a quarter of a mile increases its velocity 
from 5 miles an hour to 35 miles an hour ; what is its acceleration ? 

8, A train moving at the rate of 45 miles an hour is stopped by the 
continuous brake in 220 yds. ; what is its * acceleration '? 

9, A train has a velocity of 60 miles per hour and it has a retard- 
ation of one mile per minute per minute ; how far will it go before it 
comes to rest ? 

10, A point in passing over a mile has its velocity increased from 
a mile in 3 minutes to a mile in 2^ minutes : how many celos has it ? 

11, A point passes over 100 yards in 10 seconds, and the next 
100 yards in 12 seconds; when will it be 100 yards further on? 

12t A point passes over 200 ft. in 12 seconds, and the next 300 ft. 
in 20 seconds; when will it be 400 ft. further on? 
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MISCELLANEOUS EXAMPLES. IX. 

The motion in each case is uniform acceleration in a straight line, 

1. A point moves over 7 ft., 9 ft., 11 ft., 13 ft. respectively in four 
consecutive seconds ; find its average velocity ; and supposing the 
velocity to be uniformly increasing, find its acceleration and its vdfocity 
at the beginning and at the end of the four seconds. 

2. A point has 4 celos for 10 seconds and passes over jooo ft. in 
those 10 seconds ; find its initial velocity ; and if it had -4 cielos from 
rest, find when and where it started from rest. 

3. At the beginning of an interval of 12 seconds a point has 
40velos, and its average velocity for the 12 seconds is 80 velos; find 
its acceleration. 

4. A point passes over 5 ft. in one second, 16 ft. in the next 
2 sees., 1 1 ft. in the next second, 45 ft. in the next 3 seconds ; shew 
that this is consistent with a constant acceleration, and find the accele* 
ration. 

5. A point has initially 20 velos and it has - 2 celos ; find when it 
will be 100 ft. from the initial position. 

6. A point has initially 20 velos and it has 32 celos ; find how long 
it will take to go 1800 feet. 

7. A point has initially 120 velos and it has - 32 celos ; find when 
it will be 200 ft. from the starting point. 

8. A point has 20 velos and it goes twice as far in the third and 
fourth seconds together as it does in the first two seconds of its motion; 
find the acceleration. 

9. A point starts from rest with a constant acceleration; shew 
that it goes in the second half of any interval three times as far as it 
does in the first half. 

10. Two points move from the same point in the same line, one 
with a constant velocity 4 velos, the other from rest with 2 celos ; they 
start together ; when will they be together again ? 

11. A point /'starts along a line with constant acceleration a celos, 
and / seconds later a point Q starts along the same line with constant 
velocity u velos ; prove that Q will not overtake P unless u is greater 
than a/. 

12. The line AB is 102 ft. long; /^ starts from A along AB with 
8 velos and moves uniformly j Q starts from rest at B along BA with 
8 celos ; find where they will meet. 
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13. Two points P and Q have each 32 celos in the same direction 
AB ; P starts from A from rest and Q starts simultaneously from B 
having a velocity towards B just sufficient to carry xWo B\ find where 
they pass each other, if AB is 120 ft. 

14. Two points P and Q have each g celos in the same direction 
AB ; P starts from A from rest and Q starts simultaneously from B 
(which is a ft. from A) having a velocity of tj{2ag) velos towards B\ 
find where they pass each other. 

15. Two points P and Q have each g celos in the same direction, 
say vertically downwards ; P starts from rest from a point A and Q 
starts from .5, vertically below A, with a certain velocity v celos 
upwards. Shew that however small v may be, P will always over- 
take Q. 

16. A point moves from rest over a certain distance with 32 celos ; 
it describes ^ of the whole distance during the last second of the 
motion ; find the whole interval occupied. 

17. A point has initially mn velos and - n celos ; shew that after 
{n+k) seconds it returns to the same point which it was passing at the 
end of the first (« - k) seconds, with the same number of velos. 

18. Prove that the distances passed over in successive equal 
intervals by a point starting from rest and moving with a constant 
acceleration are proportional to the series i, 3, 5, 7... 

19. A point having a certain velocity, moves with an acceleration 
in the opposite direction, until it comes to rest ; prove that the intervals 
of describing the first half and second half of its path respectively are 
as I : V^ + ' • 

20. A point having a celos, passes over h feet in a certain interval, 
with an average velocity u velos, and its velocity is increased during the 
interval by v velos; prove that uv=ah, 

21. An engine-driver, whose train is travelling at the rate of 30 miles 
an hour, sees a danger signal at the distance of 220 yards, and does his 
best to stop the train; supposing that he can stop the train when 
travelling 30 miles an hour in 440 yards, shew that his train will reach 
the danger signal with a velocity of 21^ miles per hour nearly. 

22. A point, moving with a constant acceleration a celos, passed 
over twice as many feet m a certain interval / seconds as it did in the 
immediately preceding interval of t seconds ; shew that its velocity at 
the beginning of the first interval was J/a velos. 



CHAPTER 11. 

MASS AND FORCE. 

27. Consider some definite quantity of matter; say, a 
cubical lump of iron. This (i) consists of a certain kind of 
material (iron), (ii) has a definite shape^ (iii) has a definite 
volume^ (iv) contains a certain quantity of matter, (v) has a 
definite weight. 

Each of these (i), (ii), (iii), (iv), (v) is a separate and 
distinct idea applicable to the lump of iron. 

In dynamics we are chiefly concerned with the last two ; 
viz., the quantity of matter, which we shall call the mass, 
and the weight. 

We proceed to consider what is meant by mass. 

28. We may illustrate the idea of mass as follows : 

Let us imagine a perfectly smooth, perfectly horizontal sheet of 
icef. Upon this, place a lump of matter, such, as a smooth block of 
stone in the form of a cubic foot. Now urge the lump forward with a 
horizontal pressure or force, taking care to apply the force constantly 
and uniformly for an interval of, say, 10 seconds. What happens? It 
will be found that by the force the lump has a certain amount of accelera- 
tion given to it ; so that a velocity grows in it as long as the force is 
applied ; and at the end of the 10 seconds it will have acquired a certain 
immber of velos. At the end of the 10 seconds let the force be with- 
drawn. What happens? The lump has a certain number of velos; 
and it will be found that it will continue to move uniformly with 
that number of velos, so long as there is nothing in the nature of a force 
applied to it. 

29. Suppose now that we try the experiment of Art. 28 with 

several lumps of the same size but of different material ; say, one of 

lead, one of stone, one of cork; and suppose that we can apply an 

equal constant horizontal force to each continuously for an interval of, 

say, 10 seconds. What happens? It will be found that the lead, the 

stone, and the cork, have each a constant number of celos communi- 

t It must be noticed that these conditions can only be approximately fulfilled ; the 
best ice is not perfectly smooth and the movement of the air would interfere to a 
certain degree with sucn an experiment 



MASS AND FORCE. 25 

cated by the force ; but that the number of celos given to the cork is 
greater than the number given to the stone, and the number given to 
the stone greater than the number given to the lead. So that at the 
end of the 10 seconds they will each have acquired a certain number of 
velos, the cork more than the stone, the stone more than the leadt ; 
also, that after the force has been withdrawn, each will continue to 
move with its own constant velocity, so long as there is nothing in the 
nature of a force applied to it. 

30. DEF. We shall choose as our unit mass the 
mass of a certain piece of metal [called i lb. (avoirdupois).] 

We shall call this unit mass a pound, or, i lb. 

31. DEF. Force is that which when applied to 
mass produces, or tends to produce, in it acceleration in 
the direction of the force ; so that the force varies as the 
acceleration produced in a given mass ; and also varies as 
the mass in which a given acceleration is produced. 

Consider (i) the experiment of Art. 27 ; here, if we double the force, 
we shall find that we produce in the same mass double the acceleration ; 
consider (ii) the experiment of Art. 28 ; here, if the stone has 5 times 
the *mass* of the cork, we must have 5 times the force acting on the 
stone to produce in it the same number of celos as in the cork. 

32. DEF. We shall choose as our unit force that 
force which acting on a pound ^xodxicts in it i celo. 

We shall call this unit force a poundal. 

^^^ The statement of Art. 31 is to be given the fullest 
possible interpretation ; it asserts that 

I. Force is that which produces acceleration in mass\ 
therefore, whenever a mass has acceleration, it is under the 
action of some external force. 

II. When no external force acts on a mass it has no 
acceleration ; in other words, if at rest, the mass remains 

t It is instructive to imagine the three blocks of the same size and shape and 
painted the same colour ; the application of an equal horizontal force to each, will at 
once reveal which is lead, which stone and which cork. 
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at rest, and if in motion, the mass continues to move with 
uniform velocity. 

III. When the force applied to a certain mass is doubled 
or trebled, etc., then the acceleration produced is doubled 
or trebled etc. 

IV. When the mass to which a certain force is applied is 
doubled, or trebled etc., then the acceleration is halved, or 
divided by three, etc, 

V. Every force applied to a mass produces in that 
mass its proper acceleration in its own direction, inde- 
pendently of any other motion which the mass may have. 

Thus, by III, Forces are measured by the number of celos which 
they respectively produce in i lb. 

By IV, masses are measured by the inverse of the number of celos 
produced in them respectively by i poundal. 

And by V, when two equal and opposite external forces act on a 
particle, they produce equal and opposite accelerations; in which 
case the particle continues at rest, or moving with constant velocity. 

34. A force which is applied to a mass A by another 
mass B is said to be external to A. 

35. Art. 31 gives a definition oi force in terms of 
mass) in other words, Art. 31 states the lawt which 
connects the ideas oi force and mass. 

It will be found to combine in one statement Newton's 
first and second Laws of motion [See Chapter XI]. 

t Considered as a definition oi force Art. 31 assumes that we know what tneus is. 
We must in fact accept the definition of the tnass of a body as the quantity of 
matter in it. 

Suppose however we take our definition of force as the pnsll which when 
applied to a steel spring compresses it. 

We should in this case choose as our unit force^ that force which applied to a 
certain spring compresses it in a certain manner. 

The statement of Art. 31 would be arranged as a definition of mass as follows. 

BKass is that which, when free from the api)lication of any force, perseveres in its 
state of rest or of uniform velocity; and in which the application of force produces 
acceleration in the direction of the force, so that the mass of a body varies mversely 
as the acceleration produced in it by a given force, and varies as the force required to 
produce a given acceleration. 

We should choose as our unit mass the mass in which the unit force produces 
unit acceleration. 
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36. The meaning of these definitions of Force and Mass 
may be stated thus ; The motion of a given mass is always that 
of uniform velocity in a straight line,except during any interval 
in which it is acted on by external force. When external 
force acts on a mass its motion is that of acceleration in 
the direction of the force, so long as the force is in action, 
but no longer. The acceleration is proportional to the 
force which produces it; so that when the force changes 
the acceleration changes ; when the force ceases the accele- 
ration ceases, that is, the velocity becomes uniform. 

By definition, i poundal acting on i lb. produces in it i celo. 

Therefore i poondal acting continuously for i second on i lb. adds 
I velo to its velocity. 
By definition 2 poundals acting on i lb. produce in it 2 celos. 
and 2 poundals acting on 2 lbs. produce in it i celo. 

J^xample i. A force of 3 poundals is applied continuously to the 
mass I lb. which at the beginning of a certain interval has 10 velos, the 
force having the same direction as the velos; find (i) when the mass wilt 
have 25 velos ; (ii) how far it will go in 12 seconds. 

By Art. 32, 3 poundals acting on i lb. produce in it 3 celos, 

3 cejos produce 15 velos in 5 seconds. (i) 

The I lb. has 3 celos ; the velocity of the i lb. at the middle of the 
\i seconds is therefore (10 + 3 x 6) velos ; that is, 28 velos; 

therefore in 12 sees, it passes over 28 x 12 ft., or, 336 ft. (ii) 

Example ii. A particle of 4 lbs. having 256 velos is acted on con" 
tinuously by a force ^32 poundals in the direction opposite to that of the 
velos; find (i) when aftd where it will have 224 velos, (ii) when and 
where it will have 224 velos in the opposite direction. 

32 poundals acting on 4 lbs. produce in it ^, that is 8, celos. 

Hence the particle has — 8 celos. 

So that, if after x seconds the particle has 224 velos, we have 

224=256-8jc; whence, ^=4. 

In these 4 seconds the particle passes over ^ (i) 

4 times (256 - 2 X 8) ft. or 960 feet. 



V 



[(ii) 



a 8 DYNAMICS. 

If after x seconds the particle has - 124 velosi 

we have - 224 = 256 - %x ; whence, x=6o* 

In these 60 seconds the particle passes over J* (ii) 

60 times (256 - 30 X 8) ft. or 960 ft. 

Thus, the particle after 4 seconds has 224 velos ; it continues in 
the same direction until the action of the force, producing in it a 
negative acceleration, brings it to rest ; then the action of the force 
gradually produces in it velocity in the opposite direction, and it will be 
found that, as it returns, it repasses each point with the same velocity in 
the opposite direction, [See Lock's Elementary Trigonometry cap. yili.] 

EXAMPLES. X. 

NOTE. In these and in all future examples ^ in which a force is 
applied to a mass, it is supposed that the force is so applied, that the 
shape of the mass need not be considered; in some cases, the body is supposed 
to be so small thai its size need not be considered; such a body is called a 
paxticle. 

Find the acceleration in each of the following 6 cases. 

1. 3 poundals acting on 6 lbs. 

2. 32 poundals acting on i lb. 

3. 32 poundals acting on 64 lbs. 

4. 64 poundals acting on 5 lbs. 

5. 48 poundals acting on i cwt. [ = 112 lbs.] 

6. 7 poundals acting on 4 cwt. 

Find the velocity acquired and the distance passed over in each of 
the 6 following cases where the mass is initially at rest, 

7. 3 poundals acting on 6 lbs. for 10 seconds. 

8. 12 poundals acting on i lb. for 4 sees. 

9. 18 poundals acting on 27 lbs. for 3 sees. 

10. 32 poundals acting on 56 lbs. for 9 sees. 

11. 56 poundals acting on 2 cwt. for 12 sees. 

12. 64 poundals acting on 2 lbs. for J sec. 

13. Find the velocity acquired and the distance passed over in each 
of the 3 following cases, the force having the same direction as the initial 
velocity. 

(i) 4 poundals acting for 3 sees, on 3 lbs. having initially 4 velos. 
(ii) 5 poundals acting for 4 sees, on 10 lbs. having initially 20 velos. 
(iii) 22 poundals acting for 3 J sees, on Jib. having initially 4 velos. 
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14. 20 poundals act on a mass of 5 lbs. (initially at rest) for 
3 seconds and then cease ; how far will the mass go in 10 seconds more? 

15. 64 poundals act for 4 seconds on a mass of 1 lbs. initially at 
rest, after which the force is suddenly reversed ; find how far the mass 
goes in 8 seconds from rest. 

16. A particle of i lb. has 96 velos and is acted on by 32 poundals 
in the direction opposite to the velos; when will it have moved over 
128 ft. ? and find its velocities at those times. 

17. A particle of i lb. has 64 velos, and is acted on by 
32 poundals in the direction opposite to the velos; when will it be 
at rest? when will it be .moving in the opposite direction with 
32 velos? 

18. A particle of i lb. acted on by a constant force moves in a 
certain second over 20 ft., and in the next second but one it moves 
over 128 ft.; find the force. 

19. A particle of i lb. is at rest, when being acted on by a 
constant force, it moves over 16 ft. in the first second of its motion ; 
find the force. 

20. A mass of 20 lbs. is acted on by a constant force, and in the 
fifth and seventh seconds of its motion it passes over 108 ft. and 140 ft. 
respectively : find its initial velocity and the magnitude of the force. 

21. A particle acted on by a constant force of 20 poundals passes 
over 72 ft. while its velocity increases from 16 to 20 velos; find its 
mass. 

22. A particle acted on by 20 poundals has a velocity of 45 miles 
per hour after 12 seconds from rest ; find its mass. 

23. A train of 90 tons on a horizontal plane at rest is acted on by 
a force of 1000 poundals ; the force acts for one minute and then ceases ; 
find how far the train travels before coming again to rest, supposing 
the friction of the rails etc. to be equivalent to a retarding force of 
300 poundals. [N.B. i ton = 2240 lbs.] 

24. A train of 100 tons attains from rest a velocity of 40 miles per 
hour in going i mile ; the breaks are then applied and the train comes 
to rest in 440 yds. Compare the retarding force exerted by the breaks 
with the force exerted by the engine, (neglecting the rotary motion, and 
the ordinary friction of the wheels etc.). 

25. A force of p poundals acts for n minutes on m lbs. ; find the 
velocity generated. 

26. Find how many poundals will produce in 10 lbs. a velocity of 
30 velos after going 25 yards from rest. 

27. A train of 100 tons is impelled along a horizontal railroad by 
a horizontal force of 15040 poundals ; neglecting friction etc., how long 
will it take to go 4 miles from rest ? and how many miles per hour will 
it be going at the end of 4 miles ? 
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37. The force which produces a celos in m lbs. is 

ma poundals. 

For, to produce i celo in mass i lb. i poundal is required ; 

to produce i celo in mass m lbs. m poundals are required ; 
to produce a celos in mass m lbs. ma poundals are required. 

# 

Example. A force f poundals acts continuously on a particle m lbs. 
-which at a certain instant has u velos in the direction of the force; find 
(i) the acceleration, (ii) the velocity after t seconds, (iii) the distance it 
passes over in t seconds, (iv) how many seconds it takes to go s feet. 

I poundal acting on i lb. produces i celo. 
y poundals acting on i lb. produces/ celos. 

/poundals acting on m lbs. produce — celos. (i) 

/ ft 

In t seconds — celos produce — velos, therefore after / seconds the 
m m 

velocity is f « + — J velos. (ii) 

the velocity at the middle of the interval of / sees, is ( « + J — ) velos, 
and therefore the distance passed over in / seconds is 



( 



ut+i^^) feet. (iii) 



Let the particle take x seconds to pass over s feet, then by (iii) 

s=ux + *- — , 
m 

from which quadratic equation x may be found. (iv) 



EXAMPLES. XL 

1, How many poundals are required to produce g celos mm lbs.? 

2, How far will a ton [2240 lbs.] acted on by / poundals go from 
rest in / seconds? 

3, How many poundals are required to produce g celos in h tons ? 

4, 1000 poundals acts upon a train of h tons on a horizontal 
plane ; the friction of the rails etc. is equivalent to a retarding force 
of 250 poundals, how long will the train take to get up from rest a 
speed of m miles per hour ? 
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38. PEF. The mass-velocity (or, the momentum) 

of a particle is that which varies as the mass and also as the 
velocity of the particle. 

We shall choose as our unit mass-velocity that of a 
particle of i lb. moving with i velo. 

We shall call this unit a pound-velo. 

It follows that the number oi pound-velos which a par- 
ticle has, is the product of the number of lbs. in it by the 
number of velos with which it is moving. 

39. D£F. The mass-acceleration of a particle is 
that which varies as the mass and also as the acceleration 
of the particle. 

.We shall choose as our unit mass-acceleration that of a 
" particle of i lb. moving with i celo. 

We shall call this unit a pound-celo. 

It follows that the number of pound-celos which a par- 

* tide has, is the product of the number of lbs. in it by the 

number of celos with which it is moving. 

It should be noticed that the measure of the mass-acceleration of a 
particle is the rate of increase of its mass- velocity. 

Example i. Find the mass-velocity of a train of 110 tons going 
30 miles an hour. 

I20 tons= 120x20 X 112 lbs. 
30 miles an hour =44 velos. 
Therefore, the mass-velocity of the train is 
120 X 20 X 112 X 44 pound-velos, that is 11,827,200 pound-velos. 

Example ii. Find the mass-acceleration of a man and bicycle of 
20 stone while attaining a speed of \t^ miles an hour in going 121 ft. 
from rest, [i stone= 14 lbs.] 

15 miles an hour =22 velos. [Ex. ii. p. 3.] 

We have 20J = z/^, 

or, 2ax i2i = (22)'; therefore, a = 2. 

Also 20 stone =20 X 14 lbs. 

Therefore, the required mass-acceleration is 560 pound-celos> 
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EXAMPLES. Xn. 

Find the mass- velocity (or, momentum) of each of the following : 

1, A mass of 3 lbs. having 3 velos. 

2, A mass of i cwt. having 10 velos. 

3, A train of 100 tons going at the rate of 30 miles an hour. 

4, A bullet of I ounce going 1000 ft. per second. 

5, A cannon ball of i cwt. going 1000 yds. per second. 

6, A man of 12 stone running 12 miles an hour, [a stone = 14 lbs.] 

Find the mass-acceleration of each of the following: 

7, A mass of 10 lbs. having 8 celos. 

8, A mass of 2 cwt. having 32 celos. 

9, A train of 100 tons which has gained from rest a velocity of 
30 miles per hour in i minute. 

10, A bullet of I oz. which in traversing 36 inches from rest has 
gained a velocity of rooo ft. per second. [16 oz. = i lb.] 

11, A cannon ball of 56 lbs. which in traversing the tube of a 
cannon 10 ft long, from rest, has gained a velocity of 500 yards per 
second. 

12, A skater of 12 stone, who starting from rest has acquired 
a velocity of 20 miles an hour in going 50 yds. 

40. It follows from Art. 31 that the number of poundals 
in an external force acting on a mass, is equal to the 
number of pound-celos which it produces in that mass. 

Example i. A force 32 poundals is applied to a ton ; find| (i) the 
acceleration produced^ (ii) how long this force vnll take to produce 
6 velos in the ton. 

Let the number of celos produced by the 32 poundals be a ; 
then, the mass acceleration produced is 2240a pound-celos. 

By Art. 40 the external force which produces 2240a pound-celos is 

2240a poundals. 

But, this force is 32 poundals. 

Therefore, 2240a poundals = 32 poundals ; 

that is, 2240a=32; or, a=7V. 

Thus, the acceleration produced is 7V of a celo. (i) 

1^ celo in i second produces 1^ velo, 

7^ celo in 6 X 70 seconds produces 6 velos. 

Therefore, if the force be continuously applied to the ton it will 
produce 6 velos in 6 minutes. (ii) 
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Example ii. A cannon ball of i<^6 lbs. starting from rest, leaves 

the mouth of a cannon with a velocity of looo ft. per second ; find the 

resultant force which acted upon it when in the cannon, supposing this 

force to be uniform and that the ball passed over 20 ft. while in the cannon, 

[NOTE. By resultant force is meant, the force over and above 
that necessary to overcome the friction of the tube ; the pressure of the 
gases on the base of the shot is necessarily greater than this resultant 
force, which is only that part of this pressure which produces the 
acceleration of the shot.] 

We have to find the number of celos which the ball had in the 
cannon. 

Here, 2'=iooo, j.= 2oft., «— o, 

and 2aj=z/^. 

Therefore, 400=1000000; or, 0=25000. 

The mass-acceleration is ma; 
that is, 25000 X 250, or 6250000 pound-celos. 

The number of poundals required to produce 6250000 pound celos 
is equal to the number of pound-^ielos produced, 
that is = 6250000 poundals. 

EXAMPLES. Xm. 

1. Find the number of poundals required to produce the motion in 
each of the examples 7 to 12 of Examples XII. 

2. Find the number of poundals which by acting for 20 seconds 
will produce the mass-velocities in Questions 1 to 6 of Examples XII, 
respectively. 

3. A locomotive engine can exert upon a train of roo tons a force 
of loooo poundals more than is necessary to counteract the friction ; 
how long would this engine take in working the train on a level line up 
to a speed of 30 miles an hour ? 

4. A rifle bullet of i oz. leaves the barrel of a rifle which is 2 ft. 
6 in. long with a velocity of 1200 feet per second; find the resultant 
force, supposed uniform, with which it was acted on in the barrel, 

5. A mass of 10 lbs. moves over 16 ft. from rest in 2 seconds; 
supposing its motion to be that of uniform acceleration, what force is 
actiiig on it ? 

6. It is observed that i ton is moving in a straight line with a 
velocity of 10 miles per hour; 3 minutes later it is observed to be 
moving in the same straight line with a velocity of 12 miles per hour; 
supposing a uniform external force to have acted on tlie mass during 
those 3 minutes, how many poundals did it contain ? 

L. D. -X 
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WEIGHT. 

41. DEF. The weight of a mass is the force with 
which it is attracted by the earth. 

When we support a mass in our hand so as to keep it at rest, we 
can only do so by the application of an upward push or force ; this 
upward y2?rr^ is equal and opposite to the weight of the mass. 

42. Since the weight of a mass is a force, and since our 
unit of force is a poundal, in order to measure the weight of 
a given mass we must express its weight in poundals. 

The number of poundals in any force is equal to the 
number of pound-celos which it produces; accordingly we 
have to ascertain how many celos the weight of any 
particular mass produces in that mass. 

43. The following experiment is important. 

A chamber, such as the receiver of an air-pump, is exhausted of air. 
In the chamber are placed several masses of different kinds and of 
different sizes ; for instance, a leaden bullet, an iron nail, a bronze penny, 
a gold sovereign, a glass ball, a piece of cork, a feather; these are all 
placed on a ledge so arranged that they can be simultaneously let fall. 

When a mass is Met fall' in a vacuum, the only force acting 
upon the mass is its own weight ; accordingly in this experiment when 
the masses are let fall, the weight of each mass produces in its own 
mass motion, in a vertical direction downwards, which is that of 
uniformly increasing velocity. 

Now it is observed that, having been simultaneously let fall from the 
same height, these different masses all reach the bottom of the chamber 
simultaneously. 

But, when a number of points, starting from rest and each moving 
in the same direction with uniformly increasing velocity, pass over 
equal distances in the same interval of time, they must all be moving 
with the same acceleration. Hence, 

44. The weight of a mass is a force^ which produces in 
its own mass a certain definite acceleration; which accelera- 
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tion is the same for all masses of whatever magnitude and 
of whatever kind of material. 

45. This definite acceleration, which is called the 
acceleration due to gravity, is different at different 
places on the earth's surface. 

It is greatest near the Poles, (where it is about 32*255... celos) and 
it gradually diminishes to about 32'09i... celos at the equator. 
It is the same at places having the same latitude. 

It has been ascertained by observation that at Greenwich 
the number of celos produced in any mass when falling 
freely towards the earth's surface (that is, when moving 
under the action only of its own weight) is 32*19.... 

46. It is usual to use the letter g to indicate the number 
of units of acceleration produced in a mass by the action of 
its own weight. 

Hence, at Greenwich ^=32* 19.... 

The acceleration produced in a mass /;/ lbs. by its 
own weight is g celos; hence the amount of mass-accele- 
ration produced in mass tn lbs. by the weight of m pounds is 
mg pound-celos ; the force required to produce mg pound- 
celos is mg poundals. Therefore 

the weight of m lbs. is \ht force mg poundals. 

N.B. In all numerical examples we shall use 
32 poundals as a sufficient approximation to 
the weight of i lb. 

Example i. Hcno many poundals are there in the weight of 3 lbs. ? 
The weight of 3 lbs. produces in the mass 3 lbs. (about) 32 celos. 

Therefore the weight of 3 lbs. is equivalent to \hit force 3x32 poundals. 

Example ii. How many celos will a force equal to the weight of 
3 lbs. when applied to a mass 12 lbs. produce in it? 

The force is 3 x 32, or, 96 poundals 
and 96 poundals produces in 1 2 lbs., \% or. 8 celos. 
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Example iii. How long does a stone take in falling from rest under 
the action ofgramty through a vertical distance of 12% ft.? 

By Arts. 43 — 46 the stone has an acceleration of 32 celos downwards. 

Let / seconds be the time of passing over 128 ft. ; 
then, I28 = JX3;W?;. 

or, /« = 8^ 

therefore, t—^tji.— 'i x 1*4142 = 2'8284... 

The interval occupied is therefore 2*8... seconds . 

Example iv. 16 lbs. is acted on continuously by a force equal to 
the weight of \Vo%ry find its acceleration; and find how far it moves 
from rest in 10 second's. 

The weight of 4 lbs. =4X 32 poundals. 

This force 4 x 32- poundals acting on 16 lbs. produces in it ^ celos ; 

That is, this force produces in 16 lbs. the acceleration 8 celos. 

In 10 seconds the 16 lbs. will' pass over a distance s feet such that 

j=5 Ja/*= J X 8 X ioo=40a 
The distance required is 400 feet . 

NOTE. A force is said to be expressed in pounds weighty when 
we state the number of lbs. whose weight is equal to the force. 

Example v. A mass 4 cwt. is observed to be moving with 16 celos ; 
express in pounds weight the force which is acting upon it. 
When 4 cwt. has i^ celos, it has 4 x 112^ x 16 pound-celos. 
To produce this, 4 x il2 x 16 poundals must be acting upon it ; 

4x112x16 poundals are equal to the weight of lbs.; 

that is, the weight of 2 cwt. must be acting on the 4 cwt. 

EXAMPLES. XIV. 

1. A stone is let fall from the top of a tower 256ft. high; in how 
many seconds will it reach the ground? 

2. A stone is let fall; how far will it fall (i) in the 2nd second, 
(ii) in the 4th second from rest? 

3. A stone is thrown vertically upwards with a velocity of 320 velos; 
when will it come to rest? and how high will it go ? 

4. A stone is thrown vertically upwards and returns after 4 seconds 
to the point from which it was thrown ; with what velocity was it thrown? 
and how high did it go? 

t Example iv. p. x6 and Example L p. 20 should be noticed. 
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5. A stone is thrown vefticAlly upwatds and passes a point 48 ft. 
high with a velocity of 33 ft. per second ; in how many seconds will it 
return to the point of projection? 

6. A stone is \ti fall from a tower 256 ft. high and at the same 
instant another stone is projected from the foot of the tower with just 
sufficient velocity to carry it to the top of the tower ; when and where 
will the stones meet? 

7. A body of i cwt is acted on by a force equal to the weight of 
7 lbs. ; find its acceleration. 

8. A train of 100 tons is drawn with aii acceleration of 4 celos; 
express in pounds weight the force exerted by the engine in addition to 
that necessary to overcome the friction. 

9. 28 lbs. placed on perfectly smooth ice is actedon by a horizontal 
force equivalent to the weight of i lb.; find its velocity after 7 minutes. 

10. Two masses consisting of a cubic foot of lead and a cubic foot 
of iron placed at rest on perfectly smooth ice are each acted on in the 
same direction by a horizontal force equal to the weight of i lb. ; how 
far will they be apart after 30 seconds? 

[NOTE. A cubic ft. of lead weighs about 11340 oz,; a cubic ft. of 
iron weighs about 7680 oz.] 

11. I ton on a smooth horizontal plane is observed to move from 
rest a distance of 48 ft. in 60 seconds ; if the motion is caused by 
a uniform horizontal fcnrce, how many lbs. would the force lift? 

12. A train of 100 tons is drawn by an engine which can exert a 
force, which would lift a weight of 800 lbs. ; supposing the force of the 
friction etc. to be equivalent to a force of 100 lbs. weight, find how 
long the train would be in attaining from rest a velocity of 60 miles per 
hour. 

13. A mass of i cwt. is placed on ice and is acted on by a 
horizontal force equal to the weight of 8 lbs.; supposing that a force 
equal to the weight of i lb. is sufficient to overcome the friction of the 
ice, find when the mass will have 100 velos. 

14. Supposing the force of 8 lbs. weight of Question 13 to be with- 
drawn when the mass is moving at the rate of 60 miles an hour, in how 
many seconds will the mass be brought to rest by the retardation due to 
the friction? 
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47. In Art. 28 it is assumed that we can apply a 
constant force to a mass. 

Such a force might be obtained by taking care that the force is just 
sufficient to keep a certain steel spring compressed in a certain manner. 

By applying the same constant force to each of two 
bodies in turn and observing the number of celos produced 
in them, we obtain a measure of the mass of the bodies. 

It happens however that the experiment of Art. 43 
provides a more convenient method of measuring the mass 
of a body. For, since the weight of a mass is a force which 
produces a fixed number {g) of celos in the mass itself, the 
weight of a mass is proportional to the mass itself; 
therefore, equal masses have equal weights. 

By a ton of coal is meant a certain amount of mass. 

That a certain quantity of coal contains a ton mass is ascertained by 
weighing it ; that is, we ascertain that the mass of coal has the same 
weight as a certain other standard mass of iron, which mass we call a ton. 

NOTE. In the language in common use, the ideas of 
mass and weight are not clearly distinguished. 

For example, a piece of metal is said to be 

*« 7 lbs. weight^ ; 

here, the word weight means, a piece of metal whose mass is 7 lbs., 
whose weight is used for the purpose of comparing the weights of other 
masses. 

Or again, *a train weighing 100 tons' ; 

here, the word weighing means, 'whose weight is equal to that of 
100 tons.* 

Again, a string is often said to be light, meaning weightless, or of 
too small weight to be observed; such a string must also be of too small 
mass to be observed. 

The student however must carefully remember that 

the unit mass is i lb. , 

while tlie weight of 1 lb. is 32*2. . ..ponndals. 
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48. The two following examples should be noticed and 
the results compared. 

Example i. A mass of 1 ton li€s on a smooth horizontal plane; 
a man by means of a windlass and string applies continuously to the 
mass a horizontal force equal to the weight of 28 lbs. ; how long will he 
take to move the mass 5 ft from rest. 

Let the force produce a celos in the ton; that is, in 2240 lbs. 
The mass acceleration is therefore 2240a pound-celos. 
To produce 2240a pound-celos the force required is 

2240a poundals. 

The force actually applied is the weight of 28 lbs. ;. 
which is, 28 X 32 poundals. 

Hence 28x32 poundals = 2 240 a poundals ; 

whence, a=^. 

Let s ft. be the distance moved from rest in time t seconds ; then, 

j=Ja/2; 

here, 5=ixf><^; 

or, /2=25; therefore, t—t^. 

The time required is 5 seconds. 

Example ii. A mass of i ton lies on a smooth horizontal tcUfle, and 
is attached by a light string which passes over the edge of the table ^ to a 
mass of 28 lbs., which hangs freely under the action of its own weight ; 
how long will the masses take to move 5 it. from rest? 

[NOTE : Here, the force acting on the ton mass is not equal to the 
weight of 28 lbs. J for 

The force acting on the ton is the pull or tension of the string; and 
the tension of the string is not equal to the weight of the 28 lbs. ; 
for if it were, the 28 lbs. mass would have acting on it (i) a pull equal to 
the weight of 28 lbs. upwards and (ii) its own weight (which is that of 
28 lbs.) do7vnwards; that is, it would have no resultant external force 
acting on it, and would therefore have no acceleration. 

But, if the ton has acceleration, the 28 lbs. must have acceleration 
also. 

Hence, the force acting on the ton, i.e. the tension of the string, is 
less than the weight of 28 lbs. ; as will presently appear.] 



40 D YNAMICS. 

I. Consider the external forces acting on the 28 lbs. 

Let ypoundals be the tension of the string; then the resultant 
external forces acting on the mass of 28 lbs. are its weight directly 
downwards and the pull of the string directly upwards, 

that is, 28 X 32 poundals - ypoundals; 

Let this resultant force produce a celos in the 28 lbs. 

It produces therefore 28a pound-celos; 
the force necessary to do this is 28a poundals ; hence we see that 

(28 X 32 - 7^ poundals = 28a poundals (i). 

II. Consider the external force acting on the ton. 

The weight of the ton does not concern the question ; it is supposed 
to be entirely obliterated by the upward support of the smooth hori- 
zontal plane. 

The only other force acting on the ton is the tension of the string. 
The string is supposed to be light, and therefore of no mass ; so that i 
exerts the same pull on the ton as it does on the 28 lbs. ; which pull is 

y poundals. 

Also, since the two masses are connected by an inextensible string, 
the acceleration of the ton is the same as that of the 28 lbs. viz., a celos. 

The force necessary to produce a celos in 2240 lbs. is 

2240 a poundals ; 
but, the force which produces the a celos is T poundals ; hence we see 
that T poundals = 20 x 1 1 2a poundals ; (ii) 

whence, adding (ii) to (i) 28 x 32 = 81 x 28a ; 
therefore, a=M« 

Let / seconds be the time in which the masses pass over 5 ft. from 
rest; 

then, 5=ix|!^^; 

or, /=W5 =1x2-236... 

= 5*031... 
The time required is 5*031... seconds. 

NOTE. Comparing these two Examples we observe that in 
Example i, the acceleration of the ton is |^ celos, in Example ii the 
acceleration is less, viz. f | celos. In Example i the weight of 28 lbs. 
acts on a ton, in Example ii, the weight of 28 lbs. acts on (a ton + 28 lbs.). 
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EXAMPLES. XV. 

1. A sledge weighing i ton is pulled on ice by a rope whose 
tension is equS to the weight of 50 lbs.; if the friction of the ice 
causes a horizontal retarding force on the sledge equal to -^ of its 
weight find the acceleration produced. 

2. A sledge, weighing i ton is pulled on ice by 4 dogs whose 
weight is 28 lbs. each ; each dog obtains from the friction of the ice a 
horizontal force forwards equivalent to half its own weight ; prove that 
if the friction of the sledge on the ice is -^j^ of its weight the acceleration 
produced is t\^ celos.* 

3. A man of 12 stone on a railway truck weighing i J tons propels 
it, when he is himself on it, by means of a rope fastened to a fixed 
point ; he pulls with a constant force of 40 lbs. weight ; compare the 
acceleration of the truck with that which he would produce if, fastening 
the rope to the truck and getting off, he pulled at the rope with a force 
of 40 lbs. weight ; supposing that in each case a force of 12 lbs. weight 
is required to overcome the friction etc. 

4. A mass of i J tons placed on a smooth horizontal table is acted 
on by a horizontal force of 40 lbs. weight ; find how far it would move 
from rest in 2 seconds. 

5. A mass of rj tons lies on a smooth horizontal table and is 
attached by a light string, which passes over the edge of the table, to a 
mass of 28 lbs. which hangs freely under the action of its own weight ; 
how far will the masses move from rest in 2 seconds? 

6. A man of 12 stone finds that he can in running attain a speed 
of 15 miles an hour in 3 seconds ; find the horizontal force which he 
applies to his own mass, supposing that he attains that speed with 
uniform acceleration. 

7. The man in Question 6 ties a string to a mass of 5 cwt. on a 
smooth horizontal sheet of ice and starts to run on the bank, also hori- 
zontal, using exactly the same horizontal force as in 6; how long will 
he take to attain a speed of 15 miles an hour? 

8. A train of 240 tons running at the rate of 30 miles an hour on 
a straight horizontal line comes to rest, when under the action of friction 
only, after running 4 miles ; assuming the force of friction to be constant, 
find the force in lbs. weight which would just cause the train to move 
when at rest. 

9. Express in lbs. weight the force which the engine of the train 
of Question 8 must exert that it may attain a velocity of 60 miles an 
hour in i min. 28 sees, from rest. 



CHAPTER III. 

INERTIA. STRESS. 

49. DEF. The inertia or inertness of mass is that 
essential property by virtue of which mass persistently re- 
tains its existing velocity unaltered, so long as it is not 
acted on by external force. 

The nature oi force is such that it needs time in which to 
change the velocity of mass. 

Mass is inert^ in the sense that it cannot of itself make any change 
in its motion. 

External force acting on mass produces in it acceleration only; it* 
does not produce any definite velocity unless it acts continuously ioi 
some definite interval of time* 

Example, When it is observed that a given mass M has moved in 
a given interval from a point A to another B^ we can from this infer 
nothing as to whether an external force has acted on the mass during 
that interval or not. The mass M may have moved over that distance 
by reason of its inertia ; by virtue of which it persisted in moving from 
A to B with uniform velocity. 

But when it is observed that a mass Af has at one instant a certain 
velocity and that after some interval it has a different velocity, we are 
able to state that, for some part at least of that interval, it has been acted 
on by some external force. 

50. When two equal forces act simultaneously 

throughout some interval each on one of two masses M 

and M\ they produce in each mass the same number of 

pound-velos. 

The forces are not necessarily uniform, provided they are always 
equal; and when the masses M and M' are different the velocities 
produced will be different. 

51. It happens that the action of two exactly equal 
forces, acting simultaneously for the same interval of time 
on different masses is a phenomenon which is constantly 
taking place. 
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52. No external force can be applied to a mass without 
the mass exerting an equal and opposite force on the body 
which applies the force. This is Newton's Third Law. 
*Zb eifery action there corresponds an equal and opposite 
reaction.^ [See Chapter XI.] 

53. DEF. A stress is that which consists of two 
equal and opposite forces together forming an action and 
its reaction. 

Examples, The pressure of a heavy mass on the ground on which it 
rests, and the pressure of the ground on the mass, together form a stress. 
- The tension of a string at any point of its length is a stress. 

54. When two particles act and react the one on the 
other, the stress causes no alteration in the total mass- 
velocity of the two particles ; that is, the stress has no effect 
on the algebraical sum of their mass-velocities. 

For a stress consists of two equal and opposite forces 
acting simultaneously; so that whatever amount of mass- 
velocity the action produces in one mass in any interval, 
the reaction produces in the other mass in the same interval 
an exactly equal amount in the opposite direction. 

Example i. Let two particles A and B of m lbs. and m' lbs. be 
connected by a light string. The tension of this string is a stress ; so 
that whatever force is applied by the string and for whatever interval to 
the particle At an exactly opposite and equal force is applied for the 
same interval by the string to the other mass B. So that, if mv pound- 
velos is the additional mass- velocity produced in the course of any 
interval by the tension in A^ and m'd pound-velos the additional mass- 
velocity produced in the same interval by the tension in B^ then mv 
and m'lJ are equal and opposite ; so that, m'l/^ - mv ; 
or, mv-\'m'v'—o. 

Suppose for example that the masses always have the same velocity, 
so that v = v\ 

then {m-\-m')v=^o\ therefore «/=o. 

Hence it appears that an internal stress between two particles, which 
cannot move relatively to each other, has no effect on their velocity. 
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Example ii. Thvo masses m lbs. aftd m' lbs. placed on a smooth 
horizontal plane are connected by a light inextensible string; a force of 
f poundals is applied to the mass m in the direction of the strings which 
is tight; find the ^cceiQTsXwvi produced ; also the tension of the siring. 

I. The masses are prevented by the string from moving relatively 
to each other ; hence, we may consider the tension of the string as an 
internal stress, and consequently the two masses as a single mass. 

Thus, we have a mass 'of {m + w') lbs. acted on by f poundals ; 
therefore the acceleration a is given by the equation /= (m + m') a ; 

that is, the acceleration is — — , celos (i). 

m + m ^ ' 

II. To find the tension of the string we must consider each com- 
ponent of the stress separately. 

Let the string apply an external force - T poundals to the mass m ; 
it will consequently apply an external force T' poundals to the mass m\ 

Then, if a celos be the acceleration (which is the same for each 

mass, for the string is tight and inextensible) 

we have, /- 7"= wa ; [from the motion of m 

and, T= m'a ; [from the motion of m 

whence, by addition, /= (m + tn') a (i), 

m' 

wherefore T = , /. 

w + w 

m' 

The tension required is > /poundals (ii). 

m -\- m 

EXAMPLES. XVI. 

1, An engine of 40 tons is attached to a train of 6 carriages of 
10 tons each; the train is moving with 5 celos; neglecting friction 
and the rotatory motion of the wheels, find the tension of the coupling 
between the engine and the next carriage. 

2. In the train in Question 1 find the tension of the coupling 
between each pair of carriages. 

3. In the train in Question 1, what force is the engine exerting? 

4, The train in Question 1 moving at the rate of 30 miles an 
hour is stopped by brakes on the engine in a quarter of a mile ; find 

(i) the force exerted by the brake, 

(ii) the stress between the engine and the next carriage, 

(iii) the stress between the two last carriages, 

(iv) if the brakes on the engine exerted the same force in all cases, 
how far would the engine alone, going 30 miles an hour when the 
brakes are applied, run before coming to rest ? 
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5, An engine which exerts a horizontal force sufficient to generate 
an acceleration a celos in its own mass f/^lbs., is attached to 3 carriages 
whose masses are J/wlbs., Jw lbs. and \m lbs. respectively; find the 
acceleration of the train and the stress between each carriage, neglect- 
ing friction and the rotary motion of the wheels. 

6. An engine which exerts a horizontal force / poundals, sufficient 
to generate in its own mass; a cslos^ is attached to n carriages each of 
which is ^th of the mass of the engine; find the acceleration of the 
train and the stress between the 4th and 5th carriages, neglecting 
friction etc. 

55. The laws of motion- may be illustrated and tested 
experimentally by the aid of Atwood's machine. 

56. Atwood's machine may be described as follows. 

A wheel or pulley, made as light and as free from 
friction as possible, is fixed at a convenient height from the 
ground; over the pulley is passed a light inextensible 
string, usually made of silk ; from the ends of the string are 
suspended two masses M and M", Each mass is acted on 
only by its own weight and by the tension of the string. 

I. It will be found that we can arrange the masses so that 
they move with a very small acceleration compared with that 
produced in a mass falling freely under the action of its own 
weight; so that we can ascertain by actual measurement what 
kind of motion is produced by force in mass ; we can thus 
test the statement that force produces in mass that kind of 
motion which has been defined as uniformly increasing 
velocity, 

II. We can test by observation the statement that mass 
when acted on by no resultant external force moves with 
uniform velocity. 

III. Since the mass of the string is very small, it causes 
no appreciable effect on the tension ; if we also neglect the 
eflfects produced by the mass of the wheel and the friction 
of the axle (which are both comparatively small), then the 
tension remains unchanged throughout the whole length of 
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the string. The string may then be described as the means 
of communicating the two portions of a stress which act one 
on each of the masses; in this way, by comparing the 
actual motion of the masses with the motions given by 
our calculations, we have a practical test of the truth of the 
Third Law of Motion. 

Example i. In an Atwood's machine the masses suspended A and B, 
each contain M lbs. ; a small mass Qofxa lbs. is placed on the mass A ; 
find the resulting 3icce\ersition and the tension of the string, 

I. Consider the motion of the masses 
(A and C), treating them as one mass. 

The external forces acting are 

(i) the weight of (M + m) lbs. ; 
that is, (i^/+ w)^poundals, 

(ii) the tension of the string ; let this be 
T'poundals. 

The weight acts vertically downwards 
and the tension acts vertically upwards ; 
hence, the resultant external force is 

{[^M-\-m)g— T\ "^QMTi^dX^t downwards^ 
Let {A and C) have a celos do'wn'wards ; 
then it has \M-\- m) a pound-celos ; 
so that the force acting upon it must be 
{M-\- m) a poundals downwards. 

Therefore, (M+ m) ^- 7^= {M-\- m) a (i). 

II. Consider the motion of the mass B. 

The string being inextensible, whatever motion A may have, B must 
have an equal motion in the opposite direction ; 
therefore B has an acceleration - a celos downwards. 

The mass acceleration of B is therefore 

- Ma pound-celos, doivnwards. 
So that it is acted on by - Ma poundals. 

The resultant external force is (Mg- T) poundals, downwards. 

For the tension of the string is a stress which acts equally on A and 
B in opposite directions. 
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Therefore Mg- T= - Ma (ii). 

Hence, by subtraction of (ii) from (i), 

mg=^(2M+m)at 



AUo from (ii) r= Mg -r Ma, =. ^^±^^g. 



Example ii. In an Atwood's machine the masses A and B are each 
15^ oz. and a mass C of i oz, is placed gently on the mass A when at 
rest ; after i seconds C is removed ; discuss the resulting motion, 

I. Consider the' motion of the masses A and C, considering them 
as one mass. 

The external forces are its weight, which is %% x 32 poundals, and the 
tension, T poundals ; let a celos downwards be its acceleration ; then its 
mass-acceleration is 

ff X a pound-celos ; 
whence, as in Ex. i, SS"- ^=tI'* (i)* 

II. Consider the motion of the mass B ; then as before and as in 
Example i, we have 

Si-T=-Ua (ii). 

Whence by subtraction 

or a = I (iii). 

Thus, as long as the mass C forms part of the mass A each mass has 
I celo, the mass B upwards and the masses A and C downwards. 

Hence at the end of 2 seconds each mass will have 2 velos and will 
have moved over (^o/^), that is, 2 feet. 

Forming the equations (i) and (ii) on the supposition that C is not 

put upon A, we have, 

31 - T= f^a (i)) 

and, 3i-^=-|t« (")ii 

whence o=:o. 

So that when the i oz. mass is removed the acceleration vanishes ; 
that is, the velocity is uniform ; and the masses each move with 2 velos, 
A downwards and B upwards. 
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Example iii. Find the stress between the small mass C and the 
mass A in Example ii of page 47. 

The mass A and the mass C each descends with i celo. 

The weight of the mass C, viz. 2 poundals acting on ^ lb. would 
produce in it 32 celos. 

It actually has i celo. 

Hence the stress is such that the upward part of it acting on -j^ lb. 
destroys in it 31 celos. 

The upward action of the stress is therefore.- fj- poundals. 

Example iv. A horizontal platform is made to descend vertically with 
4 celos ; a man stands on the platform with 56 lbs. in his hand ; shew 
that this mass appears to weigh only 49 pounds. 

The force acting on the 56 lbs. (besides the pressure of the hand) is 
its weight downwards, that is, 

56 X 32 poundals, 

This would produce in it 32 celos, if the upward force of the man's 
hand did not prevent. The 56 lbs. actually has 4 celos, which requires 

56 X 4 poundals to produce it. 

Thus, of the weight (56 x 32 poundals) the part 56 x 4 poundals are 

taken up in producing the 4 celos ; so that the upward push of the 

man's hand must counteract the- remainder. In other words this push is 

56 X 28 poundals, which is the weight of 49 lbs. 

57. To find the acceleration in an Atwood's machine 
we may proceed as follows. 

Let the masses be m lbs. and m' lbs. 

Then, considering the string as the means of preventing relative 
motion between the masses, and therefore the mass moved to be the 
sum of the masses m lbs. and fw'lbs., the tension of the thread becomes 
an internal stress and has no effect on the mass-acceleration produced. 

The resultant external force in the direction of the motion of the 
particles is (the weight of the greater mass m - that of the less m^ 
hence we have mg - m'g— {m + m') a. 

58. The problem of Atwood's machine is similar to the 
following. 

Two particles A and B of masses m lbs. and m' lbs., connected by 
a light inextensible string, are placed v»dth the string stretched, on a 
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smooth horizontal plane ; ^ is acted on by a horizontal force Mi^poundals 
in the direction BA^ and B is acted on by a horizontal force fn'^poundals 
in the direction AB\ find the tension of the -string and the acceleration 
of the masses. 

It will be found that the tension is ,g poundals ; and that the 

tn-\-tn 

acceleration is 7jf celos. 

EXAMPLES. XVn. 

Find the tension of the string and the acceleration of the masses in 
an Atwood's machine, when the masses A and B have the following 
values : 

1. Mass of ^, I lb. I oz.; of ^, 15 oz. 

2. Mass of ^, 5 lbs.; of -ff, 3 lbs. 

3. Mass of -4, 25 oz.; oiB, 23 oz. 

4. Mass of ^, 4 lbs. 4 oz.; oi B, 3 lbs. 11 oz. 

5. In an Atwood's machine the masses A and B are 3 lbs. 15 oz. 
each ; a mass of 2 oz. is gently placed on A and is removed by a 
catch after A has descended i ft.; shew that A will take 4 seconds to 
descend the next 4 ft. 

6. In an Atwood's machine the masses are each 7 lbs. 15 oz.; a 
mass of 2 oz. is gently placed on one of them and is removed by a catch 
after descending 8 ft.; how long will it take to pass over the next 
foot? 

7. In an Atwood's machine it is observed that after descending 
8 ft. from rest the masses have a velocity of 4 ft. per second; the 
larger mass is 32^ oz.; find the other mass. 

8. In an Atwood's machine the masses are equal and it is observed 
that a weight of i oz. added to one of them produces i celo ; what are 
the masses? 

9. In an Atwood's machine the pulley is suspended by a hook 
from a nail; shew that (with the usual notation) the force on the 

nail is ( ^ — , poundals + the weight of the pulley ) . 
\ni-¥tn J 

10. Shew that in an Atwood's machine the tension of the string 
diminishes as the ratio of the larger mass to the smaller increases, their 
sum remaining unaltered. 

11. Prove that in an Atwood's machine when the tension of the 
string is one fourth of the sum of the weights m : m'=3 + 2/^2 : i. 

L. D. \ 
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12. Two masses tn lbs. and m* lbs. connected by an inextensible 
thread, are placed with the thread straight on a smooth horizontal 
plane; the mass m is acted on in the direction of the string away from 
f»' by a force /poundals, and m* is acted on by a force /' poundals in 
the opposite direction ; find the acceleration of the masses. 

13. Prove that if m Ex. 12 the forces are equal to the weights of 

the masses on which they act, the acceleration is — ■ — -,g celos. 

tn-Ttn 

14. A bullet fired directly into a block of wood will penetrate 
3 in. ; what part of its velocity will it lose in passing through a board 
of the same wood i in. thick supposing the resistance uniform ? 

15. A mass of i cwt. is placed on a lift which descends vertically 
with a uniform acceleration of lo celos ; find the stress between the 
lift and the mass. 

16. If the lift in Question 16 is ascending vertically with an 
acceleration i6 celos, what is then the pressure ? 

17. A man can raise a sack of com weighing i\ cwt.; shew that 
when on a lift which is made to descend vertically with 8 celos, he can 
raise i cwt. 

18. A balloon ascends vertically with a uniformly accelerated 
motion so that a weight of i lb. produces, on the hand of the aeronant 
sustaining it, a downward pressure equal to that which 17 oz. produces 
when at rest ; find the height which the balloon attains in i min. 
from rest. 

19. Find the pressure on the mass of 1 oz. in Question 5. 

20. Find the magnitude of the stress between the 1 oz. and the 
mass on which it is placed in Question 6. 
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CHAPTER IV. 

IMPULSE. IMPACT. ELASTICITY. 

59. We have defined y2?n3f as that wliich when applied 
to mass produces acceleration. 

w 

No force however great can produce in a mass a finite 
addition of velocity unless the force acts (producing ac- 
celeration in the mass) throughout a finite interval of time. 

60. D£F. An impulse is that which acting on a 
mass produces in it a finite velocity, so that the mass- 
velocity produced varies as the impulse. 

61. DEF. We shall choose as our unit impulse that 
impulse which acting on a pound produces in it i velo. 

We shall call the unit impulse a pulse. 

It should be noticed that in the definition of an impulse nothing is 
said about the length of the interval occupied by the impulse. 

An impulse is quite a different thing from a force — just as different 
as a velo is from a celo. 

Examples. Each entire stroke of a tricyclist*s foot on the pedals is 
an impulse. 

Each complete down stroke of the handle of a pump is an impulse. 

62. An impulse is the equivalent of a force acting for 
some interval. 

A pulse has the same effect on a mass as a poundal 
acting throughout i second; each produces a pound-velo in 
the mass on which it has acted. 

It has the same effect as (i) 2 poundals acting for 
\ second; (ii) 100 poundals acting for y^th of a second; 
(iii) loooo poundals acting for joooo^^ o^ ^ second ; and 
so on. 

(i^. When a mass has received a finite addition to its 
velocity we may say either (i) that it has received an impulse ; 
or (ii) that a force has acted on it for a finite interval. 
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Example. A shot of 8 cwt. from a 38 ton gun is observed to Ucve 

the gun with a velocity ofiooQ velos ; (i)^nd the impulse it has received; 

(ii) if the shot passes over 10 ft. when in the tude ef the gun^ find the 

resultant force which has acted on the base of the shot^ supposing thai 

force to have been uniform. 

The shot has received 2000 x 8 x 112 pound-velos. 

Therefore 2000 x 8 x i n pulses have acted on it. (i) 

The force which produced this mass-velocity was uniform ; so also 
therefore must have been the acceleration ; also the shot passed over 
JO ft. while in the gun. 

Let the acceleration be a celos, 

then, [Art. 26, iii] o x io=}»^=} x (2000)', 

whence, a = 200000. 

The mass of the shot is 8 x 112 lbs.; so that its mass acceleration is 

8 X 1 12 X 200000 pound celos. 
To produce this, 8 x 1 12 x 200000 poundals are necessary. 

The force is therefore 179200000 poundals, 

equivalent to the weig:ht of - '^ tons; that is, of 312* tons, (ii) 

^ I 32x20x112 r f ^ ' 

*64. The effect of a large force acting during a short 
interval and that of a small force acting for a large interval 
may each be equal to the effect of the same impulse. 

Thus an impulse requires two things to produce it (i) an 
interval of time, (ii) a force. 

A pulse might be termed a poundal-second ; meaning that a pulse 
has the same effect as a poundal acting for a second. 

Suppose the interval occupied by q pulses is / seconds ; 

q pulses produce q pound velos. Also, - poundals acting 

throughout / seconds produce q pound velos; therefore, 
the average force which produces q pulses in / seconds is 

^ poundals. 
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Hence, the measure of the average force which pro- 
duces a given impulse is the ratio of the number of pulses 
acting to the number of seconds required. 

In other words the average force producing an impulse is 
measured by the rate of impulse per second. 

Example. A glass ball of 4 oz. strikes a pavement with 50 velos, 
and is observed to rebound with 30 velos ; find the impulse which it 
receives ; supposing the impulse occupies riirth of a second, find the 
average magnitude of the stress between the ball and the pavetnent. 

[Note. When a glass ball is let iall upon a horizontal pavement 
the velocity on reaching the pavement seems to be very quickly 
changed. 

The motion of the pavement itself is imperceptible (for a reason 
explained in Art. 73) and is neglected. 

Here, the velocity on reaching the pavement is 50 velos ; when 
that velocity ceases, the ball has received 50 velos upwards; — for^ 
50 velos downwards and 50 velos upwards produce rest; — when the 
ball is seen moving upwards with 30 velos, it has received 30 velos 
more; so that in all it has received 80 velos upwards. These velos were 
produced by a force, which produced acceleration upwards, and which 
acted for some interval ; the interval was very small (too small perhaps 
to be observed) but still an interval. 

The interval given in the question viz. y^th of a second is too small 
to be actually observed.] 

The change in the velocity of the ball is ' 80 velos ; therefore the 
mass- velocity produced is 3^ x 80 pound-velos ; 
that is, 20 pound-velos, 

and this requires an impulse of 20 pulses. 

Let X be the average number of poundals in the stress ; then, 
X poundals acting on J lb. produce ^ celos, 

AX 

4X celos in y^ sees, produce — pound-velos ; 

hence, & = 20 ; 

100 

or, jc=50o. 

The average force on the ball is 500 poundals; 
that is, the weight of -Y# pounds ; that is, of 15! lbs. 
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EXAMPLES. XVllL 

1. A shot of 8 cwt. leaves a fixed 40 ton gun with a muzzle 
velocity of 2000 ft. per second ; find the impulse which has acted upon 
it Also if the shot moves over 20 ft. when in the gun, find the 
resultant uniform push which has acted on- the base of the shot. 

2. Find how long the shot in question 1 was in motion in the tube 
of the gun. 

3. On Friday Feb. nth, 11886 at Woolwich Arsenal a gun cf 
III tons was fired for the first time with an iron shot of 1800 lbs. ; the 
muzzle velocity was 1600 velos ; find the impulse which acted on the 
shot. Also if the shot moved over 34 ft., while in the gun find 
the resultant uniform push which was applied to its base to produce 
this velocity. 

4. Find how long the shot in Question 3 wa»in motion in the tube 
of the gun. 

5. A glass ball of i lb. reaches a horizontal pavement with 20 velos 
and leaves it with 12 velos both velocities being vertical ; what impulse 
has acted on the ball ? and supposing the ball and pavement were in 
contact for tV sec, find the average external force acting on the ball. 

6. A glass ball of 8oz. is let fall from a height of 16 ft. and is 
observed after rebounding to rise to the height of 4 ft., find the 
impulse. 

7. Two equal railway carriages of 3 tons moving in opposite direc- 
tions each with a velocity of 10 miles per hour meet, and rebound each 
with a velocity of 5 miles an hour ; find the impulse which has acted on 
each. Find also in tons weight the force between the buffers, supposed 
uniform, assuming that they were in contact for a second. 

8. An india-rubber ball weighing i lb. strikes a pavement at right 
angles with a velocity of 30 velos, and rebounds with a velocity of 
25 velos ; find the impulse which has acted upon it ; and find what 
force acting for ^^th of a second would have the same effect, 

9. A steam hammer of 10 tons is let fall from the height of 4 ft., 
and strikes a mass of red-hot iron; supposing that the hammer on touching 
the iron comes to rest in -<^nd of a second, and that the force it exerts is 
uniform, find the push, and by how much it flattens the red hot iron. 

10. A hammer of 2 lbs. hits a nail "with a velocity of 40 ft. per 
second and drives the nail in half an inch ; find (i) the force which is 
exerted on the nail supposing it uniform, (ii) the duration of the impulse. 

11. An iron weight of half a ton is let fall from a height of 16 ft. 
vertically above the head of a pile ; the pile is driven into the ground a 
distance of i ft. by the impulse; find (i) the average force, (ii) the 
duration of the impulse. 
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♦impact. 

65. When one mass meets another mass having a dif- 
ferent velocity the masses are said to impinge. 

The meeting of the two masses is called an impact. 

The impact is said to be direct when the masses are 
moving in the same straight line, provided the direction of 
the stress caused by the impact is also in that straight line. 

Let us consider the case of one mass having a certain velocity 
impinging on another mass having a different velocity, the masses being 
each composed of a hard substance, such as a metal or glass. 

In one or both of the masses there must be a very rapid change of 
velocity ; that is, there must be a very great acceleration ; consequently 
there must be an immense mutual pressure between the masses. 

In such cases the impact must certainly occupy some interval of 
time : the particles of each mass yield slightly in the neighbourhood of 
the great pressure, and then, either return more or less exactly to their 
original position (in which case the material is said to be elastic), or 
do not return (in which case the impact causes a permanent indentation, 
and the material is said to be Inelastic). 

66. It should be noticed [Art. 62] that the smaller the 
interval occupied by a given impulse, the larger is the 
2LYtr2Lge force which produces that impulse. 

Also, the smaller the intervaly the smaller is the distance 
passed over by the mass during the impulse. 

For, let m lbs. moving with u velos have mv pulses applied to it 
in / seconds ; then, assuming that the v velos are produced uniformly, 
^= (»+^) X / ; so that the smaller /, the smaller is x. 

67. An impact between two masses causes a stress to 
be set up between them; which stress lasts for a small 
interval. The action and reaction of this stress produce 
equal external impulses which act on the two masses in 
opposite directions. 
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68. These equal and opposite impulses produce equal 
and opposite mass-velocities, one in one mass, the other in 
the other. Hence, the algebraic sum of the additional mass 
velocities produced during an impact is zero ; in other words, 

when two masses impinge their total mass- 
velocity is unaltered by the impact 

69. Two masses M and M^ are said to be inelastic 
when after direct impact they move each with the same 
velocity. 

NOTE. When one mass sticks to another on impact; or when 
one mass penetrates another, as a bullet penetrates a piece of wood, 
and stays in it; in fact in every case in which the masses have the 
same velocity after impact, they are said to be inelastic^ 

Example i. A mass Mo/$ lbs. hamng 5 velos impinges directly on 
a mass M' of 7 lbs. at rest; Jind their subsequent motion^ the masses 
being inelastic. 

Since the masses are inelastic, their velocities are made equal by 

the impact ; let their velocity after impact be v velos. 

_ - . fthe mass- velocity of M is 3 x 5 pound- velos. 

Before impact \. 1 •/ r »>#/ • 

^ [the mass- velocity of iiir IS o. 

(the mass-velocity of J/is 3 xz/ pound-velos. 

(the mass-velocity of M' is 7 x z' pound- velos. 
Hence, by Art. 68, 32^+ 7^'= 15 ; 

or, z/=f; 

that is, after impact they move together with a velocity of ij ft. per 
second. 

Example ii. A leaden ball of i lb. impinges directly with a velocity 
of 1000 ft. per sec. on a mass of i cwt. moving in the same direction with 
a velocity ofioii, per sqc\ find their subsequent velocity. 

Let them have v velos after the impact ; then, since the total mass- 
velocity is unchanged 

I X IOOO+II2X20 = Z/x(lI2 + l), 

or, z'='iW 

= 28*6... 

That is, the masses move together with a velocity of 28*6. . . ft. per 
second 
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EXAMPLES. XIX, 

The folUrunng impticts are all direct. 

1. An inelastic ball of i cwt. moving with a velocity of 20 ft. per 
sec impinges against an equal ball at rest ; find their subsequent velocity. 

2. An inelastic particle of m lbs. having v velos impinges directly on 
another of fw'lbs. at rest; find their subsequent velocity. 

3. An inelastic particle of 20 lbs. meets another of 2 lbs. ; each 
particle has 11 velos but in opposite directions; find their subsequent 
motion. 

4. A railway carriage of 10 tons is moving towards a train of 
100 tons with a velocity of 4 miles an hour; at the instant of collision the 
carriage is coupled to the train ; find the subsequent velocity. 

5. A particle of i cwt. meets another of 28 lbs. having a velocity 
of 15 miles an hour and after the impact they both are at rest ; with 
what velocity was the i cwt. moving? 

6. A particle of i lb. moving with 30 velos overtakes another 
particle of 2 lbs. and after impact they move together with 25 velos ; 
what was the velocity of the 2 lbs. before impact ? 

7. An inelastic mass impinges on another of twice its mass at rest ; 
shew that the impinging body loses two-thirds of its velocity by the 
impact. 

8. An inelastic particle of mass m and velocity v impinges directly 
on a particle of mass m\ they are at rest after the collision ; shew that 

the velocity of the second particle was , v, 

9. Three equal inelastic balls are placed in a line, not in contact ; 
an equal ball moving in the same line with 20 velos impinges on the 
first, these two impinge on the second and then the three on the third ; 
find their joint velocity after impact. 

10. An engine of m tons impinges with a velocity of 4 miles an 
hour on each of 4 inelastic trucks each of ^ m tons placed on the same 
line of rails and separated by a small interval ; find the velocity of the 
train after impact. 

11. A rifle bullet of J oz. having 1200 velos impinges on a block 
of wood weighing 5 cwt. at rest and free to move in the direction of the 
impact ; what is the velocity of the block immediately after impact. 

12. A particle is let fall from the top of a tower and at the same 
instant an equal particle is thrown vertically upwards from the foot of 
the tower with a just sufficient velocity to carry the particle under the 
action of gravity to the top of the tower. The two particles being 
inelastic impinge ; shew that directly after impact the particles are at 
rest; and if the tower is 128 ft. high find how long the first particle 
takes to reach the ground. 
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* ELASnCITY. 

70. DEF. Two masses are said to be elastic when 
lafter impact, their velocities in the direction of the impulse 
are not the same. 

When two elastic masses impinge they probably behave much as 
inelastic masses up to the time when they are moving with the same 
velocity ; the property of elasticity seems to cause a continuation of the 
impulse so that the masses recot/ from each other. The amount of 
recoil must be in some degree proportional to the magnitude of the 
impulse and will depend on the nature of the material of the masses. 

71. Newton observed, that when two spheres of given 
substance impinge directly on each other, the relative 
velocity after impact is e times the relative velocity before 
impact and in the opposite direction ; where ^ is a number 
not greater than i. This number e depends on the nature 
of the substances of the two spheres, and is called their 
coefficient of restitution ; hence we say that 

72. AVhen two elastic masses m lbs. and tn' lbs. impinge 
directly on each other, u velos and 1/ velos being their 
velocities before impact, v velos and v' velos their ve- 
locities after impact, then 

vv'^ -e(u-u'); 

where ^ is a number, not greater than i, which depends on 
the materials of the masses and is called the coefficient of 
restitution. 

In other words, the two masses separate after impact 
with a velocity which is e times that velocity with which 
they were approaching each other before impact. 

Velocity of separation =^ times velocity of approach. 

When the coefficient of restitution of a substance = i 
the substance is said to be perfectly elastic. 
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Example 1. Thjoo masses of 5 lbs. and «o lbs. having velocities of 
20 velos and - 10 velos, whose coefficient of restitution is }, impinge; 
find their subsequent velocities. 

Let V velos and tf velos respectively be their subsequent velocities. 
Then since their total mass-velocity is unaltered by the impact 

5 X20-20X IO = 5«'+20«/ (i) 

also, by Art 41, »-t^= -f (10+10) (ii) 

whoxre 5»+ 101/= - 100, 

and zr- «/= - 20 ; 

.'. 252;= - 100-400 J or, 2»=-2o; also, z/=^o* 

Hence, after the impact liie 5 lbs. moves in the negative direction 
with velocity 20 ft. per second, and the 20 lbs. comes to rest. 

Example ii. Two masses of m lbs. and m' lbs. impinge with velo' 
cities u velos and v! velos ; find the condition that they may interchange 
velocities. 

Here «' velos and u velos are to be their respective velocities after 
impact ; 

hence, mu-\-m''u'=mu!-\-m'u (i) 

or, (m -m')(u-' u') = o, 

whence, m—m* 

(for, since the masses impinge, u cannot =»'). 

Again, u - «'= - ^ (w' - «) (ii) 

or, («-«') (i-^)=o, 

whence, e—\. 

Thus, in order that two masses after impact may interchange 
velocities they must be of equal mass and perfectly elastic. 

EXAMPLES. XX. 

The coefficient of restitution is here denoted by e. 

1, A sphere of 6 lbs. having 20 velos overtakes another of 4 lbs. 
having 12 velos; determine their velocities after impact, in the case in 
which ^= J. 

2, A particle of 28 lbs. having 8 velos impinges directly on 
another of 14 lbs. having - 16 velos ; determine their subsequent 
velocities when e^\. 
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3. Two elastic balls (^=f) of masses 3/» and m and velocities 
y) and - 52/ impinge ; find their subsequent velocities. 

4. A ball of 3W impinges on another m at rest which afterwards 
moves with lo velos, ^ being f ; find the velocity of the first ball 
before impact. 

5. The result of a direct impact between two spheres of elasticity |, 
one of which is at rest, is that one of them has after impact twice the 
velocity of the other ; prove that one ball has \ the mass of the other. 

6. A series of equal elastic balls of elasticity e are placed in a line 
separated from each other by short distances ; another ball of equal mass 
moving in the same line impinges on the first with velocity v\ find the 
velocities after impact of the first, second, third and »th balls. 

7. A ball of mass m and elasticity e is projected vertically under the 
action of gravity with 64 velos \ another ball of mass ni is simultaneously 
let fall from a height of 64 ft* vertically above tn ; find when and where 
they impinge, and their velocities after the impact. 

8. Two elastic spheres impinge directly with equal velocities ; find 
the ratio of their masses that one of them may be reduced to rest by 
the impact. 

9. A shot of I cwt. is projected from a 20 ton gun placed on 
a smooth horizontal plane, with a horizontal muzzle velocity of 3000 
velos; find the velocity of the recoil of the gun. 

10. Two railway carriages B and C of m lbs. and rn lbs. stand on 
the same line of perfectly smooth rails separated by a short distance ; 
a third carriage A of m lbs. impinges on B and then consequently B 
impinges on C ; prove that A will impinge a second time on B if m* is 

greater than » , where e is the coefficient of restitution. 

I +^ 

11. Two equal spheres A^ B are connected by a string and laid 
on a smooth horizontal table, at a distance from each other which is less 
than the length (/ ft.) of the string ; a velocity u is given to A in the 
direction BA ; on the string becoming tightened a direct impulsive 
tension is set up ; if the coefficient of restitution of the string be ^, and 
of the spheres themselves /, find the velocity of the spheres (i) after the 
first impulse of the tension, (ii) after the first impact of the spheres. 

12. A series of equal masses of i lb. each are connected by light 
inelastic strings each 4 ft. long. They are placed in a straight row 
touching each other on a smooth horizontal plane ; to the first mass is 
applied a force of 2 poundals in the direction of the row, and when the 
first mass has moved over 4 ft., the string applies a direct impulse to 
the second mass ; and when the first two have moved over 4 ft. more, 
the string applies a direct impulse to the third mass, and so on; find 
the initial velocities of the second, third and fourth masses. 
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Example iii. A small particle of mass m lbs. moving with u velos 
impinges directly on a large mass ofl/i lbs. at rest ; find their subsequent 
f notion, the coefficient of restitution being e. 

We have, with the usual notation, 

mu — mv^Mi/^ (i), 

V''V=-'eu; (ii), 

, m-eM . , m , . 

whence, v= — — z-zu\ 2^1^,1/ =z-— (i-\-e)u, 

m + AI M-k-m^ ' 

Now suppose M to be so much larger than jw, that the ratio -r> 
is too small to be observed, and may be considered to be nothing; then 

w'=o; and, 




This is the case when a ball of mass m lbs. comes into collision 
with the Earth of mass M lbs. Hence we say that 

73. When an elastic ball impinges against any surface 
fixed to the Earth, its velocity after impact is - ^ times that 
before impact. 

Example. A particle let fail from a height of 16 ft., impinges on a 
horizontal pavement, the coefficient of restitution being e; it again falls 
and rebounds; and so on; find when the pctrticle will come to rest. 

The particle has an acceleration 32 celos downwards. 
Let its velocity on striking the ground be v velos, and on reaching 
the ground after each rebound, v^ velos, v^ velos, etc.; then we have 

z/^ = 2aj = 2 X32 X 16; or, z/=32; 
v^^^evy V2=evi=^; Z'3 = ^2=^^5 ^^^ so on. 

To ascertain the intervals, we observe that to produce 32 velos, 
32 celos require i sec. ; to produce ^ x 32 velos, 32 celos require e times 
1 sec, and so on; 

In the successive bounds ev velos, A/ velos,... are in turn first 
destroyed and then reproduced by the acceleration due to gravity. 

Hence the sum of the intervals occupied by the bounds are 
{2^+2tf'+2^+ } seconds. 
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The limit of this series is seconds. 

Therefore the particle comes to rest in 
I H , or, seconds, from the instant at which it was let fall. 

EXAMPLES. XXI. 

The coefficient of restitution of an elcLstic ball is sometimes calledits elasticity. 

1. A particle let fall from a height of i6 feet, impinges on a 
horizontal pavement ; find the interval occupied by the first rebound, 
the coefficient of restitution being \. 

2. A particle let fall from a height of 48 ft., impinges on a hori- 
zontal pavement ; fipd the elasticity t^t in its first rebound it may rise 
to a height of 32 ft. 

3. A particle let fall from a height of ^ ft., impinges on a horizontal 
pavement, the coefficient of restitution being e ; find 

(i) the height of the first rebound, 

(ii) the interval between the first two impacts, 

(iii) the time in which the particle comes to rest. 

4. An elastic ball falls from a height ^ ft. to a horizontal plane 
and then rebounds ; falls again and rebounds ; and so on ; find the sum 
of the vertical distances passed over. 

5. Supposing that in a direct impact between two particles of 
elasticity e, we consider the impulse between the particles to be divided 
into two parts, the first part being that which causes the two particles 
to be relatively at rest; shew from Art 71 that these two parts of the 
impulse are in the ratio of i to e, 

6. The no ton gun projects its shot of 1800 lbs. with a muzzle 
velocity of 2100 velos; what will be the initial velocity of the recoil of 
the gun, supposing the shot projected horizontally, and the gun to 
be placed on a smooth horizontal plane? 

7. Two masses m lbs. and n^ lbs. of elasticity e impinge directly 
with u velos and u' velos respectively; prove that \iv velos and v' velos 
are their velocities after impact, then 

(m - erd\ u + m'{i+e)u' 

v=- j^ i— 

m-^m 

. . {n/-em)u'+m(i+e)u 

and i/= ~ *—, 

m + m 
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CHANGE OF UNITS. 

74, Our units have been, afoot, a second^ a pound] 
from which are derived the units, a vdo, a ceio, a poundal, 
a pidse. 

The velocity chosen for the unit velocity is always that of 
a point which passes uniformly over the unit distance in the 
unit interval. 

The acceleration chosen for the unit acceleration is al- 
ways that of a point whose velocity is increased uniformly 
by the unit velocity in the unit interval. 

The force chosen for the unit force is that which when 
acting on the unit mass produces in it unit acceleration. 

75. We give some examples involving a change of 
units. 

Example i. When the unit acceleration is 32 feet per sec. per sec. 
and the unit Yelocity is 10 feet per se,c.,Jind the unit distance and the 
unit interval. 

Let the unit interval be x seconds, 

let the unit distance be^ feet ; then, 
the unit velocity is^ ft. per x seconds ; 

or, - ft. per sec. ; 

hence, 10=-. 

x 

The unit acceleration is 10 velos per x seconds ; 
or, — velos per second; 

hence, 3^ = — • ; 01, x=^. 

Also, jf=^=^ = ^. 

Thus the unit distance is AJt the unit interval ^ sees. 
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Example ii. When the area of a field of io acres is the unit area, 
and the acceleration due to gravity the unit acceleration, find the 
unit interval. 

A field of IO acres contains 48400 sq. yds., 

that is, (aao)" sq. yds. ; 
hence, the unit distance is 220 yds., or 660 ft. 
Let the unit interval be x seconds, 
The unit velocity is 660 ft. per x seconds ; 

that is, — velos. 

X 

The unit acceleration is — velos per x seconds ; • 

that is, •—T' celos. 

X* 

But the unit acceleration is g celos, or 3a celos, 
therefore, 32=—, 

or, jif'= Aft =20*625, 

whence, jc=4'54.,. 

The required unit is about \\ sees. 

Example iii. Given, that the unit of acceleration is a celos, the unit 
of velocity, u velos ; find the units of time and distance. 

Let the unit interval be x sees. 

let the unit distance be y ft. 

Then the unit velocity is^ ft. per x sees. 



or, 


- veios, 

X 


and the unit acceleration 


is - velos per x sees. 

X ^ 


or, 


y 

^ celos. 


Hence 


0=-^, and «=— 

X^ X 


or, 


u «a 
a a 



Thus, the unit interval is — sees., the unit distance is — ft. 

a a 
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EXAMPLES. XXn. 

1. The unit distance being a yard and the unit interval a minute, 
express the unit velocity in velos and the unit acceleration in celos. 

2. The unit distance being a mile and the unit interval an hour, 
express the unit velocity in velos and the unit acceleration in celos. 

3. The unit distance being a yds. and the unit interval b seconds, 
express the unit velocity in velos and the unit acceleration in celos. 

4. The unit velocity being 60 miles an hour, and the unit distance 
I yd., find the unit interval. 

5. The unit velocity being 100 yds. per minute and the unit 
interval 5 sees., find the unit distance. 

6. The unit acceleration being the double of that due to gravity 
and the imit distance i mile, find the unit velocity. 

7. The unit velocity being 40 ft. in 11 sees, and the unit accele- 
ration 3 yds. per minute per minute, find the units of time and distance. 

8. The unit mass being i cwt. and the unit force the weight 
of 7 lbs., the unit velocity 10 velos, find the unit distance. 

9. The unit force being the weight of i lb., and the unit interval 
and unit distance being i sec. and i ft. respectively, find the unit mass. 

10. The unit mass being i ton, the units of interval and of distance 
an hour and a mile, find the unit force. 

11. Find the measure of the acceleration due to gravity when the 
unit distance is a metre, say 3*28 ft., and the unit interval a second. 

12. If / is the measure of an acceleration when m sees, and n ft. 
are the unit interval and unit distance respectively, express the accele- 
ration in celos. 

13. If /and Fhe. the measures of the same acceleration when the 

unit interval and unit time are / sees, s ft. add r sees, and 9 ft., 

s 7^ 
respectively, prove that ^'^'a ^ ~ ^/ 

14. Taking the centimetre (yfj- of a metre = •0328... ft.) as the unit 
distance, the second as the unit interval and the gram ( = '0022... lbs.) as 
the unit mass, find the unit velocity in velos, the unit acceleration in 
celos, and the unit force in poundals. 

N.6. This system of units is called the c.G.s. [Centimetre, 
Oraxnme, Second] system, and the unit force is called a dyne. 

NOTE. We may remark that in Statics the unit force generally 
chosen is the weight of i lb. ; in this case, since we ought to take as the 
unit-mass the mass in which unit force produces unit acceleration, our 
unit mass must be ^Ibs. ; the disadvantage of this is that g has different 
values for different latitudes. 
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MOTION IN ONE PLANE. 

CHAPTER VI. 

DIRECTION. 

76. Distance has direction. 

We have hitherto supposed all our distances to be measured in the 
same direction, (or in exactly opposite directions), so that it was only 
necessary to consider the magnitude and sign of our distances. 

In what follows we shall always consider the direction of 
a distance to be an essential part of it As a necessary 
consequence we must consider direction to be an essential 
part also of all quantities which vary directly as distance, 
such as velocity^ acceleration, force, impulse. 

77. Quantities of which direction is an essential part, must be 
carefully distinguished from those quantities in which it is not. 

Quantities having direction are called vector quantities. 

Distance, ijelocity, acceleration, force, impulse have direction. 

Quantities without direction are called scalar quan- 
tities. Time, mass, volume, speed have no direction. 

78. It is convenient to use the word speed to denote 
the magnitude only of a velocity ; just as we use the word 
length to denote the magnitude only of a distance. The 
average speed of a point moving in a curved line is that 
which varies directly as the length of the curved line passed 
over by the point, and inversely as the interval occupied. 

The average speed of a point moving in a straight line is the same 
as its average Velocity. 

When we speak of a train moving at the rate of 40 miles an hour for 
a certain interval, we mean that its average speed is 40 miles per hour. 

A point may have a constant speed while its velocity is changing 
(in direction). 
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Similarly we may use the word quickening to denote 
the magnitude only of an acceleration. 

79. PROP. Any quantity which has direction and 
magnitude may be represented by a finite straight line with 
an arrow-head. 

For the direction of the quantity can be represented by the directiott 
of the line with the arrow-head, and the numerical measure of the 
quantity can be indicated by that of the length of the line. 

When a distance is indicated by the two letters at its 
extremities, the direction of the arrow-head may be indicated 
by the order of the letters, 

80. A distance can always be found which represents 
the cofnbined effect, or the resultant, of two given distances in 
different directions. 

The combined effect of, (or the result of adding together) two non- 
directional, (or scalar) quantities is the arithmetical sum of their measures. 

The same is true of two directional, (or vector) quantities which have 
the same direction. 

But the combined effect of two directional, (or vector) quantities 
having different directions requires definition. 

Example. A point P is said to have a distance of 1 inches north- 
wards from a given point C>, and also a distance of 3 in. towards the 
north-west from Oy when the position of -Pis found as follows: 

Starting from O measure OQ 2 in. towards the north ; then from Q 
measure QP 2 in. towards the north-west. 

Or thus ; starting from O measure Off 3 in. towards the north-west 
and then from Q measure QP 1 in. towards the north. 

P 






It will be seen that the resulting position of P is the same in each 

case ; for OQ, OQ are sides of a parallelogram and P is at the comer 
opposite to O. 
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8 1. We may illustrate the meaning of a point having 
two simultaneous distances from a starting point thus : — 

Suppose a sheet of glass to be placed on paper and the point P to 
be a moveable mark placed on the glcus. 

Let the mark be moved a dbtance of 3 in. on the glass towards the 
north-west, and let the glass be moved relatively to the paper, a distance 
of 2 in. northwards. 

It will be seen that the resulting position of the point P with reference 
to the paper is that found as in the Example in Art. 80. 

And it makes no difference to the ultimate position of P whether 
these distances are passed over simultaneously, or whether they are 
passed over separately, one of the movements being finished before the 
other is made. 

Example i. A point A is distant 3 miles towards the North ani 
4 miles towards the Vf est from a point B; wliat is the total distance 
o/K from B? 




Draw B€ northward* 3 units of length ; draw BD westwards 
4 units of length; complete the parallelogram CBDA ; 

then CBDA is a right-angled parallelogram 

and AB^=AD^ + BD^. 

Hence if AB contains x units of length 

•^ = 3^-»4*=9 + 16 = 25 ; 
therefore jr=5* 

Thus the distance AB is 5 units of length. 

Hence it follows that the total distance of the two places described 
in the question from each other is 5 miles. 

And the direction is such that if AB make an angle a with BD^ 

then, tan a= ^-7^=*. 
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Example li. A man walks 10 yards eastwards and then 25 yards in 
I direction making an angle whose sine is \ with the line pointing east- 
wards and on the north side of it; find the direction and magnitude of 
Jie resultant distance of the man from his starting point. 

Let OQ represent a distance of 10 yards eastwards ; produce OQ to 
N'y let QP represent the distance of 25 yds., ^-P being drawn so that 
sin PQN= f . 




^0 iaa 



Draw /W perpendicular to OQ produced; then, 

NP NP 

- is the sine of the angle which ^Z* makes with 0N\ therefore -?yp=-\' 

Let PN contain y yds. Then ^ = f ©f 2^ = i^. 

Similarly, QN may be shewn to contain 20 yds. 

Let OP contain x yds. Then since OP^- ON* + NT^ 

j;2=(20 + 20)* + (l5)*= 1600 + 225 

= 1825; 

therefore, x=/^(i825) = 42 7... 

Hence, the required distance is 427 yds., also its direction makes 
an angle whose tangent is ^, or f , with the line towards the East. 



EXAMPLES. XXTTT. 

1, A man walks 300 yards northwards and then 400 yards west- 
wards; another man starting from the same place walks 400 yards 
westwards and then 300 yards northwards ; shew that the two men are 
then at the same total distance from the starting point ; and find .that 
distance. 

2, A dog on an ice-floe goes 3 miles northwards while the floe itself 
travels 4 miles eastwards ; how far is the dog then from the place on the 
earth's surface from which he started ? 

3, A fly crawls along the floor of a rdilway carriage a distance of 
a ft., at right angles to the line of rails, and at the same time the carri^e 
moves a distance of 10 ft. ; find approximately the distaivc^ m.Qn^ ois^ 
by the Hy. 
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4. A man swims across a river, and in 40 seconds he swims 
20 yards; in the same time the current of the river has carried him 
15 yards down stream; how far is he from his starting point after 
40 sees. ? 

5. A fly, in a railway carriage which is moving at the rate of 10 ft. 
per sec. northwards, crawls at the rate of 5 ft. in 10 seconds across the 
floor of the carriage towards the north-east; what distance will the fly 
have gone in 10 seconds? 

6. On the floor of a railway carriage which is moving with 4 velos 
northwards, four flies A, B, Cj £> start from the same place and crawl 
each with 3 velos, A Northwards, B Southwards, C Westwards, and D 
towards the North- West. Find their distances from the starting point 
after 2 seconds. 

• Tke following examples require the use of the Trigonometric 
Ratios, 

7. A man walks 350 yards in a certain direction and then turning 
his direction through an angle of 120 degrees walks 350 yards more; 
And the direction and magnitude of his resiUting distance from his start- 
ing point. 

8. A man on the deck of a ship moving due north, walks 20 yards 
towards the north-east while the ship goes 100 yds. ; find the direction 
and magnitude of the whole distance passed over by the man. 

9. The distance of a point B from another A is the sum of two 
equal distances of 20 yds. inclined to each other at an angle of 60 
degrees ; find the distance of B from A, 

10. When the wind is due North a certain boat can sail either 
towards the north-east or north-west ; it sails first 2 miles towards the 
N.E., then 2 miles towards the N.W., then i mile more towards the 
N.E. ; find the magnitude and direction of its resulting distance from its 
starting point. 

11. I walk 3 miles northwards, then 2 miles in a direction pointing 
30® to the east of north ; what will then be my distance from my start- 
ing point ? 

12. I walk 3 miles in a straight line, I then change my direction 
through an angle whose sine is f and walk 5 miles straight on, I then 
turn (in the same direction as before) through a right angle and walk 
I mile ; how far shall I then be from the place from which I started ? 
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82. DEF. The resiiltant of two distances from a 
given point is the one distance which is tlie combined effect 
or sum of the two distances, taking into account their direc- 
tion as well as their magnitude. 

83. PROP. The parallelogram of DiBtances. 
TTie resultant of two given distances OA, OB is OR, the 
diagonal of the parallelogram AOB. 

This follows because the opposite sides of a parallelo- 
gram are equal. 

In the figure below the distance OP is the resultant of the distances 
OM and MP; that is, of OM and ON^ for MP is equal and parallel 
to ON. 

84. When the two distances are in the same direction 
their resultant coincides with the two distances placed end 
and end, so that its magnitude is their sum. 

When the two distances are in opposite directions the 
magnitude of their resultant is their difference. 

85. It is often convenient to express the distance of 
one point from another as the resultant of two distances 
in given directions. 

Example. Express the distance OP as the resultant of two distances 
in directions parallel to OA and OB respectively, 

B, 




Through /'draw PM and iW parallel to OB and OA respectively. 
Then the distance OPi$ the resultant of the distances OM and ON. 
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86. When the one distance OP is expressed as the sum 
of two others OMdxA ON^ the two distances OMz.n'^ ON 
are called the components of the distance OP. 




The distance OP is said to be resolved into its two 
components OMsmd ON in those directions. 

The distance OP is clearly the resultant of its two 
components ^J/and ON 

It is usually convenient to take the two component 
directions at right angles to each other. 

When the two components are mutually at right angles, 
each component is called the resolved part of the resultant 
in its own direction. 

Example i. Tlie road from A to B runs in a straight line for 
2 miles from A to H; then after turning through an angle of 30^ it runs 
in a straight line for 3 miles from H /t? K ; then after turning through 
an angle of \^y runs in a straight line for i vc^efrofn K to B; how far 
is it from KtoB as the crow flies ? 

Resolve the distance IIJC into its two resolved parts UN and 
HL^NJCdXong and perpendicular to AH, 



Q B 
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Resolve the distance KB into its two resolved parts KR -NM^csA 
KQ^RB along and perpendicular to AH, 

Then, HN^IIJC cos 30= ^^3 x 3 miles, 

NK^HKsm. 30=^ X 3 miles, 

NM^KR=KBtQ%\i^=\- X I mile, 

RB — KB sin 45O = -^ x i mile. 

Hence, the number of miles m AM\s 

The number of miles in MB is 
Therefore, the number of miles in AB is 

N/{(2 + 4X3N/3 + JN/«)H(i+W2n 
= n/{(2+ J X 3 X 17320... +4 X 1-4142. ..)•+ (1-5 + i X 1-4142. ..)«} 

=J{(.V305...)' + (2-207.. .)«} = 5-746... nearly. 

Example ii. 7%^ distance ofQ from A iV M^ resultant <2/^ the three 
distances AP, AP', AP" of 1 miles, 3 miles and i mile respectively 
where the angle PAF=30^ and the angle P'AP"=i5«; what is the 
distance of B fiom A? 

It will be found that this is only another way of stating Example i. 

EXAMPLES. XXrV. 

1. Resolve a distance of 100 yards into two components mutually 
at right angles one of which makes an angle of 30® with it. 

2. Resolve a distance of 25 yards into two components mutually 
at right angles one of which makes an angle whose sine is \ with it. 

3. A man walks 200 yards in a straight line, then turns through 
an angle of 45^ and walks 150 yards further in a straight line; find his 
resultant distance from the starting point. 

4. Find the resultant of two distances of 300 yards and 450 yards 
making an angle of 45° with each other. 

5. I walk I mile towards the north-east; what is the resolved part 
of this distance in the northerly direction ? what is the resolved part of 
this distance towards the north-west ? 

6. Find the resolved part of a distance of 360 yards in the direction 
which makes an angle of 00^ with it. 
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87. When a point has a given uniform velocity u velos 
in a given direction, then after an interval / seconds the 
point is at a certain distance from its initial position ; this 
distance is ut feet, and is in the direction of the velocity. 

This distance is called the distance due to the 
velocity. 

88. A point is said to have simultaneous velocities 
and accelerations when its distance after an interval from 
its initial position is the resultant of the distances due 
to those velocities and accelerations separately. 

Example, A point has vertically - 32 celos, and 200 velos, and 
it has 40 velos in a horizontal direction; find its position after 
3 seconds. 

Let be its initial position. 

Draw ON horizontally to represent 3 x 40 ft. 

From ^draw NQ vertically upwards to represent 3 x 200 ft. 

and from Q draw QP vertically downwards to represent i x 32 x 9 ft. 

Then P represents the position of the point after 5 seconds. 

• 

EXAMPLES. ZZV. 

Find the position of a point having the following; 

1. 3 velos northward and 4 velos eastwards after 30 seconds. 

2. 2 velos southwards and 3 velos eastwards after 15 secs» 

3. 4 velos northwards and 7 velos southwards after 8 sees. 

4. 20 velos northwards, 15 velos eastwards and 15 velos north- 
wards after 8 sees. 

5. 20 velos and - 3 celos westwards after 10 seconds. 

6. Three velocities of 20 velos each making an angle of 120^ with 
each other, after 10 seconds. 

7. 10 velos northwards and 32 celos westwards after 1 sees. 

8. Three accelerations, 15 celos westwards, 10 celos northwards 
and j£ celos eastwards after i second. 
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89. The motion of a projectile affords an important 
example of a point which after any interval has two 
simultaneous distances from its initial position. 

Example, A particle is projected with u velos in a direction 
nuiking an angle a Tvith the horizontal plane; find its position after 
t seconds. 

The only force acting on the particle is its own weight, which acts 
vertically downwards. 

By Art. 33 this force produces in the mass the same acceleration 
whether the particle has other velocity or not. 

Hence, the distance of the particle after / seconds from its initial 
position is the resultant of two distances, one due to the u velos, the 
other due to the acceleration g celos vertically downwards. 




Let O be the initial position of the particle P ; 
let Olfhe a horizontal line ; 
then we may find the position of P after / seconds thus : 

Drawing OQ, making an angle a with O/f, so that OQ represents a 
distance of ut feet ; 

from Q draw QP vertically downwards, so that QP represents i^fi feet. 

Then P is the position of the particle after / seconds. 
For OQ is the distance due to the velocity u velos, and QP is the 
distance due to the acceleration g celos. 
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90. DEF. When a particle is projected with a given 
velocity under the action of its own weight, its range is 
the horizontal distance from its initial position at which the 
particle strikes the ground ; 

its time of flight is the interval occupied between its start 
and the instant at which it strikes the ground. 

91. PROP. To find (i) the range, (ii) the time of flight 
and (iii) the greatest height of a particle projected from a point 
on a horizontal plane. 

Let u velos be the initial velocity; a the angle of 
projection with the horizontal plane. 




cr N 0' H 

Draw OQ = ut feet, making an angle HOQ = a, with the 
horizontal line OJI; draw QF^^gt' feet vertically down- 
wards ; then F is the position of the particle after / seconds. 

Produce QF to cut OJIin N. 
Then, 0N= OQ cos a = ut cos a feet. 

Also NF =NQ-FQ=OQ sin a-~FQ 

= (ut sin a - Igt^) feet. 

When F strikes the ground NF vanishes ; 

hence, if / seconds be the time of flight, 

ut sin a - ^gt' - o, 

. 2« sin a 
that is, either t = o, or, / = — - — . 
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Hence, when P reaches the ground again at O 

._2U sin a 

And then, OC/, [which = {ut cos a) ft.] = x u cos a ft. 

Hence the range is feet, (i) 

and the time of flight is seconds. (ii) 

g 

Also, after / seconds NF= {ut sin a - \gf) feet 
= [r-^"-('^-/yf]feet; 

this is greatest when / = : that is, at the middle of the 

g 

time of flight; and then NF=\ feet, which is the 

o 

greatest height. (iii) 

Example. A projectile has initially i6oo velos in a direction 
making an angle whose sine is -^ with a horizontal plane ; find the 
time of flight, the range, and the greatest height. 

Here, sina=xV 

and cos a = ,y ( I - sin' a) = ij^ij^ = iV\/99 

= •9949... 

The vertical distance after / seconds is 

(«/ sin o - \g^ feet ; 
that is, ( 1 600 X ^ X / - 1 6/2) feet. 

This is zero when /= lo. 

Hence, the time of liight is 10 seconds (i). 

The horizontal distance after t seconds is ut cos a feet. 
Hence, the range is i6oo x 10 x '9949... that is, about 159 18 feet (ii). 

The greatest height is the vertical distance at the middle of the 
time of flight ; 

that is, (1600 X 5 X ^^ - 16 X 25) feet. 

Hence, the greatest height is 400 feet Vq:\\\, 
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EXAMPLES. ZZVI 

Find the range, the time of flight and the greatest height when a 
particle is projected from a point on a horizontal plane under the action 
only of its weight; the direction of projection making the following 
angles with the horizon and the initial velocity being as follows. 

1, Angle, 45"; velocity, 100 velos. 

2, Angle, 45®; velocity, 50 velos. 

3, Angle, 45® ; velocity, 64 velos. 

4, Angle, 30®; velocity, 250 velos. 

5. Angle, 60® ; velocity, 100 velos. 

6. Angle, 60®; velocity, 50 velos. 

7, The angle whose sine is f ; velocity 75 velos. 

8. The angle whose sine is J; velocity 125 velos. 

9, The angle whose sine is -^ ; velocity 1000 velos. 

10. The Martini-Henry rifle gives its bullet a muzzle velocity of 
1*315 velos ; And its range when it is elevated to an angle whose sine is 
x^, neglecting the resistance of the air. 

11. The new Enfield-Martini rifle gives its bullet a muzzle- velocity 
of 1570 velos ; And its range when it is elevated to an angle whose sine 
is xlV> neglecting the resistance of the air. 

12, Find the height of the bullet in Questions 7 and 8 at the 
middle of the flight. 

13. The 1 10 ton gun gives its shot of 1800 lbs. (when using 950 lbs. 
of Waltham Powder) a muzzle velocity of 2100 velos ; find its range on a 
horizontal plane when elevated to an angle whose sine is ^. 

14. The no ton gun gives a muzzle velocity of 2128 velos when 
using 1000 lbs. of powder; find the range on a horizontal plane when the 
elevation is an angle whose sine is \* 



CHAPTER VII. 

THE PARALLELOGRAM OF VELOCITIES. 

92. DEF. The resultant of two' simultaneous velo- 
cities is a velocity such that the distance due to it after 
any interval is equal to the resultant of the two distances 
due to the two simultaneous velocities. 

93. The two simultaneous velocities are called the 
components of the resultant ; and when they are mutually at 
right angles they are each called the resolved part of the 
resultant in their own direction. 

94. In fact it will be found that all definitions and 
propositions applicable to distances may be applied to 
velocities (and also to any vector quantity). Thus we have 

95. PROP. The parallelogram of VelocitieB. 

When two velocities are represented (in direction and magnitude^ 
by two straight lines OA and OB, their resultant is represented 
(in direction and magnitude) by OR the diagonal of the 
parallelogram AOB. 

Let a point P have (in addition to any other motion) 
the two simultaneous velocities represented by OA and OB, 




Let OA represent u' velos; let OB represent ?/' velos; 
and let OR represent u velos. 

Let O^ represent the position of the moving i^ovtA. ^\.Nikv^ 
h^innlng of an interval t seconds. 
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Draw O'O" to represent the distance due to all the 
other motions of the moving point for the interval /seconds. 
Draw (y^Q parallel to OA to represent t/t ft. and 
draw Q/^ parallel to OB to represent «'V ft 
Then P is the position of the moving point at the end 
of / seconds; 0"Q is the distance due to the velocity OA; 
QP the distance due to the velocity OB; therefore 0"F is 
the distance due to their resultant velocity. 

T^„t aQ_!^__gA_oA 

QP't^'" OB" OR' 

Also, O'Q^ QFsLTe parallel to OA, AR respectively. 

Therefore the triangle 0"QP is similar to OAR. 

Therefore ff'P is parallel and proportional to OR. 

Hence ff'P represents ut ft. ; that is, 0"P is the dis- 
tance due to the velocity OR. In other words OR represents 
the resultant of the velocities OA and OB. q. e. d. 

96. When the moving point has the two velocities OA 
and OB only, then in Art. 95, ffff' disappears, and we 
see that since 0"P is always parallel to OR (which is fixed 
in direction and magnitude) and always represents ut ft, 
the actual motion of the moving point is the velocity OR. 

97. The actual motion of a point which is moving with 
any number of simultaneous uniform velocities is uniform 
velocity. 

For its resultant velocity, given by the parallelogram of velocities, is 
always the same; and its resultant distance from its initial position is 
always parallel and proportional to this resultant velocity. Its actual path 
is therefore a straight line along which it moves with uniform velocity. 
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98. When a point is moving with given variable velo- 
cities, we can find its actual velocity at any instant by finding 
the resultant of the velocities which it has at that instant. 

For, if we consider another point Q moving with uniform velocities 
such that at that instant it has the same simultaneous velocities as the 
point P^ then Q will, at that instant, be moving^ in the same direction 
with the same speed as the first point P, 

"99. The Parallelogram of Velocities is sometimes 
stated in the following form,, which is called 

The Triangle of Veloctties. When a point has 
two simultaneous velocities, the resultant velocity may be 
found as follows : Draw a line OA to represent one of the 
velocities ; from A draw a line AR to represent the other 
velocity ; the third side OR of the triangle OAR repre- 
sents the resultant velocity of the two simultaneous ve- 
locities OA^ AC, 






This proposition is only another way of stating the parallelogram of 
velocities. 

For in the parallelogram OARB'ii is clear that if OA, OB represent 
two simultaneous velocities, then AR represents a velocity equal and 
parallel to that represented by OB. 

100. To find the resultant of any number of velocities 
represented by straight lines OA, OB, OC.,,, we first find 
OR' the resultant of OA and OB ; then we find OR'' the 
resultant of OR' and OC; and so on. 

Or we may proceed thus. Draw from A a line AR' 
parallel and equal to OB ; from R' a line R'R' parallel and 
equal to OC; and so on: the line joining O to the last 
point R represents the resultant of all the velocities. 

L. D. ^ 
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10 1. When a point at one instant has a certain velocity 
and at another instant has a different velocity, then some 
velocity must have been added to its original velocity in the 
interval. 

The velocity which has been added may be found by 
the parallelogram of velocities ; for the new velocity is the 
resultant of the original velocity and of the velocity added. 

Example i. A point in a certain interval has its velocity changed 
from 20 velos in a given direction to 20 velos in a direction making an 
angle 60® ivith the first direction ; find the additional velocity. 




Let OA represent the original velocity; let OR represent the new 
velocity ; join RA ; draw OB parallel and equal to AR, 

Then OB represents the additional velocity required. 

The angle A OR =60^ and OA = OR, therefore A OR is an equi- 
lateral triangle; hence the angle ROB = OR A = 60^. 

Therefore OB =0A, 

Thus, the additional velocity is a velocity of 20 velos in a direction 
making an angle 120^ with the original velocity. 

Example ii. A stone is thrown with 33 velos from a train, at right 
angles to its direction of motion, while the train is going 30 miles an 
hour ; find the initial velocity of tJie stone relatively to the ground. 

Relatively to the ground the stone has two simultaneous velocities 
of 33 velos and 44 velos respectively, at right angles to each other. 

Therefore, by the parallelogram of velocities, their resultant is a 
velocity of 55 velos making with the direction of the train an angle 

whose tangent is {[. 
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Example iii. A carriage is going at the rate of 15 miles an hour; 
a man jumps off^ giving himself an additional horizontal velocity of 
10 miles an \\ovx\find his velocity relative to the ground when he jumps 
in a direction making (i) an angle of 60®, (ii) an angle of 150**, with the 
direction in which the carriage is going* 

Draw the parallelogram of velocities AOBR\ draw RN per- 
pendicular to 0A\ then OR is the required velocity relative to the 
ground. 

Then OA = is,, OB=AR= jo. 




In case (i) 



^ A N 

NAR=:A0B=6o^\ 
AN= AR cos 60® = J X 10 ; 
NR-AR sin 6o<> = ^3 ^ 10; 
OI^=^{pA^AM)'^^rNR^ 

= (i5 + 5)*+{n/3X5)' 
= 475 = (2r8...)2. 

Therefore the velocity required is 21*8... miles per hour. 



therefore, 




N -A 

In case (ii) NAR = 30*^ ; NA = AR cos 30^* = \sl'^ x 10 ; 

NR^AR sin 30^ = 4 x 10; 
therefore, OR^=(OA- NA)^ + NR^ 

= (i5-5n/3)' + 5' 

= (i5-5x 17320.. .)' + 25 
= (8-i8...)^ 
Therefore the velocity required is 8' 18... miles per hour. 

NOTE. When the resultant velocity of a point is zero, 

the point is at rest. 

For the distance due to all its velocities after any interval is also 
zero. 
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EXAMPLE& XXVil 

Find the resultants of the following 12 pairs of velocities : 

1. J 2 velos and 16 velos mutually at right angles, 

2. 20 velos and 15 velos mutually at right angles* 

3. 30 miles an hour and 4a miles an hour at right angles to each 
other. 

4. 2 velos and 8 velos mutually at right angles. 

5. a velos and b velos at right angles to each other. 

6. a ft. per second and m. miles per hour mutually at right angles. 

7. 3 velos and 3 velos inclined at an angle of 120^ 

8. a velos and a velos inclined, at an angle of 6o^. 

9. 3 velos and ^iji velos inclined at an angle of 45**. 

10. 10 velos and 20 velos inclined at an angle of 60^. 

11. 40 velos and 10 J '^ velos inclined at an angle of 150''. 

12. 20 velos and 25 velos inclined at an angle whose sine is f . 

13. Find the distance in la seconds due to 3 simultaneous velocities 
of 2 velos, 3 velos and i velo making the two angles of 30® and 15" 
with each other. 

14. A particle is given a velocity of 50 velos in a direction making 
an angle 45** with the horizon; resolve this velocity into two; one 
horizontal and the other verticaL 

15. A particle has velocity 100 velos making an angle whose sine 
is t^ff with the horizon ; what is the resolved part of the velocity in a 
horizontal direction ? 

16. From a ship sailing at the rate of 25 miles an hour a bullet 
is fired with a muzzle velocity of iioo feet per second in a direction at 
an angle whose sine is ^^ with the direction of the ship's motion ; find 
the initial velocity of the shot relative to the water. 

17. A football moving with 20 velos receives a kick, after which 
its direction is changed through a right angle but its speed is unaltered; 
what velocity was given it by the kick? 

18. A particle travelling northwards with 20 velos, receives an 
additional velocity of 20 velos so that the resultant velocity is 20 velos ; 
in what direction was the additional' velocity ? 

19. The direction of a point's motion is altered by 45® while its 
speed is unchanged ; what is the alteration in its velocity ? 

20. A cricket ball having 30 velos is struck by a bat so that its 
velocity is changed to 40 velos in a direction making an angle 150*^ with 
its former direction; what velocity was given to the ball by the bat? 
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21. A stone thrown from a train has a certain velocity given it at 
right angles ito the path of the train, so that relatively to the ground it 
has 60 velos in a direction making 60^ with the path of the train; find 
the velocity >of the train. 

22. A particle is projected with a velocity whose vertical and 
horizontal components are 50 velos and 10 velos respectively; the 
vertical velocity is diminished at the rate of 32 velos per second, the 
horizontal velocity is unaltered ; find (the ^magnitude and direction of) 
the velocity of the particle after i second. What was the direction in 
which it was projected? 

23. A spherical shot is rolling directly across the smooth horizontal 
deck of a ship with a velocity iq velos ; find where it would strike the 
side of the ship supposing the ship, which is going lo miles an hour, to 
be suddenly stopped whenlhe shot is to ft. from the side. 

24. A balloon rising vertically with a velocity of 10 miles an hour 
is carried by the wind over a horizontal distance of 100 yds. in 20 
seconds ; find the velocity of the balloon. 

25. A man tricycling westwards at the rate of 8'miles an hour, feels 
the wind to be due south of him ; on increasing his speed to 16 miles an 
hour the wind appears to be south-west ; find the velocity of the wind. 
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THE PARALLELOGRAM OF ACCELERATIONS. 

102. DEF. The resultant of two simultaneous ac- 
celerations is an acceleration, such that the distance due to it 
after any interval is the resultant of the distances due to the 
two accelerations. 

103. The parallelogram of acceleratioiUL W/im 
hvo simultaneous accelerations are represented {in direction and 
magnitude) by two straight lines OA, OB, their resultant is 
represented (in direction and magnitude) by OR, the diagonal of 
the parallelogram AOB. 

Let a point have the two simultaneous accelerations 
represented by OA and OB^ and other motions besides. 



Let OA represent a' celos ; 

let OB represent a" celos ; 

let OR represent a celos. 

Let O' represent the initial position of the moving point. 

Let O'O" represent the distance due to all the other 
motions of the moving point for the interval / seconds. 

Draw 0"Q parallel to OA to represent \alf ft., 

draw QP parallel to OB to represent \al'f ft. 

Then P is the position of the point after / seconds; 
0"Q is the distance due to the acceleration OA \ QP is the. 
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distance due to the acceleration OB ; and therefore 0"P is 
the distance due to their resultant acceleration. 

Now ^^-^. -9^-.2A 

^^^ QP 'a"' 0B~ AH' 

also 0"Q, QPaie parallel to OA, AR respectively. 

Therefore the triangle 0"QF\s similar to OAR. 

Therefore O^'F is parallel and proportional to OR. 

Hence, 0"F represents ^o/* ft. and is parallel to OR. 

That is, the distance due to the accelerations OA and 
OB together, viz. 0"Fy is the distance due to the accelera- 
tion OR. 

Therefore, the acceleration represented by OR is the 
resultant of the accelerations represented by OA, OB. 

104. Art. 103, proves that if we have two points having 
exactly the same motion except that one of them has the 
two simultaneous accelerations represented by OA, OB and 
the other the acceleration represented by ORy their motions 
will be exactly the same. It proves in fact that the 
resultant of two accelerations is an acceleration, 

105. When a moving point is moving with given vari- 
able simultaneous accelerations we can find its actual accele- 
ration at any instant by the parallelogram of acceleration. 

For, if we consider another point Q moving with uniform accelerations, 
such that at that instant it has the same velocities and accelerations as 
the first point /*, then Q will, at that instant, be moving with the same 
actual velocity and with the same actual acceleration as the first point P. 

106. The resultant of any number of simultaneous ac- 
celerations may be found in exactly the same way as the re- 
sultant of any number of simultaneous distances or velocities. 

107. When the resultant of all the accelerations which 
a point has is zero, the point is moving with uniform velocity. 

For the motion is that of a point having no acceleration. 
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1 08. When a point has simultaneous acceleration, each 
acceleration adds its own velocity to the initial velocity of 
the point independently of any other velocities which the 
point may have. 

1 09. The parallelogram of accelerations may be deduced 
from the parallelogram of velocities in precisely the same 
words as the parallelogram of velocities was deduced from 
that of distances by reading velocity for distance and 
acceleration for velocity in Art. 95. 

The parallelogram of acceleration may also be stated 
as the Triangle of Accelerations in the words of 
Art. 99. 

EXAMPLES. XXVm. 

1, A man is starting to leave a railway carriage walking directly 
towards the door with an acceleration 3 celos, and the train itself is 
stopping with retardation 4 celos ; what is the direction of the resultant 
acceleration of the man ? 

2. A man in a train which is getting up its speed with an accele- 
ration 5 celos, gives alkali an acceleration 12 celos, in the direction at 
right angles to the motion of the train ; find the resultant acceleration 
of the ball. 

3. Supposing in Question 2, the man commences to throw the ball 
just as the train is starting and he keeps up the pressure on the ball with 
his hand (thus producing 1 2 celos) for i second, find the initial velocity 
of the ball on leaving his hand. 

4. Supposing in Question 2. the train is moving at the rate of 
30 miles an hour, (and with 5 celos) when the man commences his 
throw, and that he keeps up the pressure for i sec, find the initial 
velocity of the ball. 

5, A man runs across a railway carriage which is 7 ft. across with 
an acceleration of 5 celos; the carriage is moving with a uniform 
velocity of 30 miles an hour ; find the velocity with which he leaves the 
carriage. 

6, A train is pulling up with a retardation of 10 celos ; I wish to 
walk straight across the carriage with an acceleration of 10 celos; 
in what direction shall I have to apply a horizontal force to my body in 
order to do so ? 



CHAPTER VIII. 

THE PARALLELOGRAM OF FORCES. 

1 10. DEF. The resultant of Vno forces is that force 
which acting on any mass will produce in that mass the 
same acceleration as the two forces would produce when 
acting together on the same mass. 

111. The two forces which together are equivalent to a 
resultant are called its components. When components 
are mutually at right angles they are each called the resolved 

J^arts of their resultant in their own direction. 

112. PROP. The parallelogram of Forces. When 
tuw forces acting on a particle are represented {in direction 
and magnitude) by the straight lines OA, OB, their resultant 
is represented (in direction and magnitude) by O'R. the diagonal 
of the parallelogram A OB. 

For, by Art. 33, when two forces act on a particle 
each force produces in the particle its own acceleration 
in its own direction ; and since the forces are acting on the 
same mass, the accelerations produced are proportional to 
the forces producing them. 

The resultant of the two forces must therefore be such 
that it produces in the same particle the resultant of these 
two accelerations. 

Therefore the resultant force is parallel and proportional 
to the resultant acceleration. 
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That is, the two forces and their resultant are pro-, 
portional to and in the same direction as the two accele- 
rations and their resultant. 

Therefore, if we represent the two forces by the two 
straight lines OA, OBy then the diameter OR of the 
parallelogram A OB represents their resultant, 'q. e. d. 

113. In considering the motion of a mass acted on by 
several forces either 

I. We may consider that each forc6 produces its own 
acceleration in the mass, and then find the acceleration of 
the mass by finding the resultant of all these accelerations, or 

II. We may first find the resultant of all the forces, 
and then consider that the forces are equivalent to this 
resultant only, which resultant produces the actual accele- 
ration of the mass. 

The second method is the one usually adopted. 

114. It should be noticed that the three propositions called the 
Parallelogram of Distances, the Parallelogram of Velocities, and the 
Parallelogram of Acceleration z.x^ geometrical facts \ while the proposition 
known as the Parallelogram of Forces is deduced from the Parallelogram 
of Accelerations, by means of the definition of Force as that which 
produces acceleration in mass, each force producing its own acceleration 
exactly as if the others did not exist. 

115. When the resultant of any number of forces is zero, 
they produce no resultant acceleration ; in other words, they 
have no effect on the motion of any mass on which they 
simultaneously act. 

Forces whose resultant is zero are said to be in 
equilibrium. 

116. As a particular case we may notice, that when one 
of three forces is equal and opposite to the resultant of the 
other two, the three forces are in equilibrium. 



PARALLELOGRAM OF FORCES. 



91 



Example L A mass m pounds is placed under ike action of gravity 
on a smooth inclined plane ; find its acceleration. 




Let ABh^ the inclined plane ; draw ^C horizontal and BC vertical, 

Let the angle BAG be a. 

The weight of the mass Z' is a force mg poundals vertically down- 
wards ; let PN represent this force. 

Resolve this force into its two components PQ and PG, in the 
directions along and perpendicular to PA respectively. 

Then instead of mg poundals vertically downwards we have 
PQ=.mg sin a poundals along PA 
and PG= mg cos o poundals along PG, 

Now the presence of the plane prevents any motion in the mass in 
the direction PG* 

Also, the plane is *BiiiOOtli'; by which is meant, that the stress 
between the mass and the plane must be perpendictllar to the plane. 

These conditions will both be satisfied if we suppose that the 
plane exerts a pressure on the mass, in the direction GP^ just sufficient 
to prevent the mass from having any motion in that direction. 

Hence we say, that the pressure of the plane on the mass in the 
direction GP is mg cos a poundals. 

Thus, the forces acting on the mass are 'mg sin a poundals along PA^ 
mg cos a poundals along PG and - mg cos a poundals in the same 
direction. 

Therefore, the resultant force is mgsm a poundals along PA, 

This force produces in pt pounds the acceleration in the direction PA 

^sina celos. 
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Example ii. A mass m lbs. is placed on a smooth inclined plane 
and is acted on by its own weight and by a horizotttal force p poundals ; 
Jiftd its acceleration. 

With the construction of Example i. resolve the weight and the 
force/ poundals along and perpendicular to the plane. 

Oase (i) We have if/ poundals act as the forces in figure I. 

{mgsvn. a -/ cos a) poundals, along PA^ 

(mo cos a+/ sin a) poundals - the pressure of the plane, along PC 

B 




A — — C 

Assuming that the resultant acceleration is along AB, it follows that 
the resultant force must be along AB ; so that 

the pressure of the plane on the mass = (/w^ cos a +/ sin a) poundals; 
therefore the resultant force is {mgsin a -/ cos a) poundals along PA, 
which produces in mass ;// lbs. the acceleration 

I ^sin a— j celos along PA. 

If this acceleration happens to be zero the forces are in equilibrium; 
that is, if mgsin o.—p cos a. 

Case (ii) if/ act as in figure II., then as before, 
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the pressure of the' plane on the mass = (iv^ cos a -f sin a) poundals. 
And the acceleration along PA 



( 



, / cos a\ , 
g sm a+ — — J celos. 



EXAMPLES. XXIX. 

1. Forces of 3 poundals and 4 poundals at right angles to each 
other act upon a mass of 5 lbs. ; find the acceleration produced. How 
long will the mass take to move 18 ft. from rest? 

2. Equal forces of 10 poundals at an angle of 120® to each other 
act on a mass of i lb. ; how long will the mass take to acquire a velocity 
of 30 miles an hour ? 

3. A mass of m lbs. is let fall from rest under the action of gravity 
and is acted on by a horizontal force of 24 poundals ; find how long it 
will take to fall a vertical distance of 144 ft. ; and how far it will move 
horizontally in the same time. 

4. Two horses, attached by ropes to a mass placed on a smooth 
horizontal plane and weighing i ton, pull at right angles to each other, 
one with a force equal to the weight of 3 cwt. and the other with a 
force equal to the weight of 4 cwt. ; find the direction of motion and 
the acceleration of the mass. 

5. If in Question 4 the plane is rough so that there is a force of 
friction which retards the motion equal to t^^th of the pressure of the 
mass on the plane ; find the acceleration. 

6. A particle slides down a smooth inclined plane whose 
inclination to the horizon is 30**; shew that it takes twice as long to 
descend a given vertical distance as a particle falling freely under the 
action of gravity. 

7. Forces of 2 poundals, 3 poundals and i poundal act along lines 
OA, OBy and OC so that the angle -«4(9j9 =45'' =-5(9 C upon a mass of 
4 lbs. ; find the acceleration produced. 

8. Forces of 2 poundals, 3 poundals and i poundal act, along lines 
OA, OB and (9C, so that the angle ^(9-5 = 30®, BOC=i$^, upon a mass 
of I lb. ; find the acceleration produced. 

9. Prove that the mass in Example 3 moves in a straight line. 

10. A mass P is drawn up a smooth plane inclined at an angle of 
30® to the horizon by means of an equal mass Q which descends 
vertically, the masses being connected by a string which passes over a 
small pulley at the top of the plane ; prove that the acceleration is 
^ ^ celos. 

11. Find the ratio of the masses of P&nd Q in Question 10 that 
they may have no acceleration. 
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12. Suppose that P in Question 10 starts from rest at the bottom of 
the plane and the interval / seconds occupied by Q in drawing P to the 
top of the plane is noticed ; then P and Q being interchanged the interval 
f seconds occupied by /* in drawing Q up the plane is noticed ; shew 
that if /= 1^ then Q^\P, 

13. A mass m lbs. is drawn up a smooth plane inclined at an 
angle a to the horizon, by means of a mass m' lbs. which descends 
vertically, the masses being connected by a string which passes over a 
small pulley at the top of the plane ; prove that the acceleration is 

fw sin a - i/i' , 

— 7— g celos. 

/;/ + m 

14. Two masses m lbs. and m* lbs. are connected by a light 
string which passes over a small smooth pulley fixed at the top of two 
smooth inclined planes of equal heights placed back to back, the 
inclination of the planes being each yp ; shew that when the masses 
are equal they have no acceleration. 

15. In Question 14 shew that when w =i»f the acceleration is 
\g celos. 

16. If in Question 14 the inclinations of the planes to the horizon 
are a and a' respectively, prove that the acceleration is 



fw sin a - ml sin a' 



m-Vm 
and that the tension of the string is 

mm' (sin a + sin a') 
m + m' 



g celos, 



g poundals. 



17. Determine the acceleration due to gravity from the following 
experiment. A mass descending vertically under the action of gravity 
draws an equal mass a distance of 25 ft. from rest in ^\ seconds up a 
smooth plane inclined at an angle 30® to the horizon, by means of a 
light string passing over a smooth small pulley at the top of the plane. 



SMOOTH INCLINED PLANE. 
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Example iii. To find the interval occupied by a particle in sliding 
dt/ivn a smooth inclinedplane of length s ft. and inclination a. 

By Example i. the particle has an acceleration ^sina celos down 
the plane. 

The interval / seconds, occupied by a point in moving from rest over 
a distance of j ft. with acceleration ^ sin a celos, is given by 

j = .l(^sina)/2, 



whence, 



V CrsinaJ * 



Example iv. A series of chords are drawn from the highest point of 
a fixed vertical circle; prove that the intervals occupied by a particle 
in sliding from rest daivn each of these chords (supposed smooth) are 
all equal, 

A 




Using the notation of Example iii, let ABC be the circle; AC 
one of the chords; CA'' horizontal; then AC=sh, and ACN'=^a, 
The interval occupied in sliding down AC, by Example iii, is 

* / ^ — ; — > seconds. 
"V ig sm a) 

AC=^ABsma., 

s 



But 

That is, 



sma 
Hence, the interval in question is 



=AB=^2r; the length of the radius being r feet. 



2 * /- seconds. 



g 
which is the same for each chord, q. e. d. 
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EXAMPLES. XZX. 

1. Prove that the interval occupied by a particle in sliding down 
an inclined plane of height h ft. and inclination a is 



sin a 



Vfei ■ 



2. A train is on a smooth incline of i in too; find how long it will 
take to go a mile from rest. [N.B. by an incline of i in loo is meant 
that in the figure of page 91, the incline is such that BC=i and 
-^^=100.] 

3. Find the velocity acquired at the end of the "mile by the train in 
Example 2» If another train start to go up a smooth incline of x in 
50 with that velocity, shew that it will go half a mile up the plane. 

4. A particle slides down a smooth straight tube of length / 
inclined at an angle a to the horizon, and then falls freely under 
the action of gravity; if the lower end of the tube is k feet above 
a horizontal plane, find when and where the particle will strike the 
plane. 

5. A particle slides down a smooth straight tube, whose upper 
point is at a height h ft. from a horizontal plane, and then falls freely 
under the action of gravity; prove that it will in all cases reach 
the horizontal plane with ij[2gh) velos. 

6. A particle is sliding down a smooth tube inclined at an angle to 
the horizon, and it takes twice as long to descend any vertical distance 
as a particle falling freely ; find the inclination of the tube. 

7. Find the direction in which a smooth tube must be drawn, so 
that one end being at a fixed point and the other end on a fixed straight 
line, a particle sliding down it may reach the straight line in the 
shortest possible time. 

NOTE. The above problem is often stated thus. Find the line of 
quickest descent from a given point to a given straight line. 

8. Prove that the time of sliding down any chord, supposed 
smooth, of a vertical circle drawn to the lowest point, is constant. 

9. Find the line of quickest descent from a given straight line and 
a given point. 



'-'SECTION III. 

ILLUSTRATIONS. 

CHAPTER IX. 

PROJECTILES. 

117. A particle which, having been projected from 
any point in any direction, is then supposed to move under 
the action of its own weight only, is called a projectile. 

The resistance of the air is here neglected. This however has a 
very considerable effect on the motion of any mass actually projected, 
and renders this solution of the problem of little practical use. 

118. When a projectile is projected vertically upwards 
its path is a vertical straight line. 

This case has already been considered [Art. 46]. 

119. When a particle is projected in a direction which 
is not vertical, its path is a curved line. 

This curved line is in one plane, which contains the 
vertical and the original direction of projection. 

For there is no force tending to take it out of this plane. 

120. We shall denote the velocity of projection by 
u velos, and shall suppose that its direction makes an angle 
a (radians) with the horizon. 

121. The resolved parts of the velocity of projection 

are 

(i) u cos a (velos) in the horizontal direction, 

(ii) u sin a (velos) in the vertical projection. 

L. D. •! 
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122. PROP. The horizontal velocity of a projectile is 
constant. 

By the horizontal velocity is meant the resolved part in a horizontal 
direction of the velocity at any instant. 

The acceleration of the particle is always vertically 
downwards ; so that after any interval, the additional velocity 
of the particle is also vertically downwards, and consequently 
has no resolved part m the horizontal direction. 

The horizontal velocity is therefore unaltered, q. e. d. 

1 23. PROP. The vertical n^elocity of a projectile after 

t seconds is (u sin a—gt) velos. 

This is the expression of the fact that initially the 
particle has a vertical velocity u sin a velos, and that it has 
the vertical acceleration -g celos. 

124. PRO P. The velocity of a projectile after t seconds 

is J{{u cos a)* + {u sin a -gt)'} velos, 

and if be the angle which its direction makes with the 

horizon 

f, 2/ sin a -gt 

tan^= ^ . 

u cos a 

For, the velocity of the projectile at any instant is the resultant of 
the horizontal and vertical velocities at that instant [See Art. 95]. 

125. PROP. Tojind when and where a projectile is at 
its greatest vertical height. 

The vertical velocity is (u sin a —gt) velos. 

When this is positive the particle is going upwards, and 
when this is negative it is going downwards, and when this 
is zero it has reached its greatest height ; that is, when 

w sin a 
ii — * 
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The vertical distance is 

(« sin cuf-|^^/^) feet, 

in this putting for /, we find for the greatest vertical 

distance feet. 

The horizontal distance at the same instant is found by 

«sina . . . 

putting fovin «cosa/; it is 

j/ cos a sin a . ^ 
feet. 

EXAMPLES. XXXI. 

1. A particle is projected under the action of gravity with a 5 velos 
making an angle whose tangent is | with the horizon; find when it 
is moving with 20 velos. 

2. A particle is projected with 416 velos making an angle with the 
horizon whose sine is f|; shew that its least velocity is 160 velos, and 
that when it has that velocity it is moving horizontally. 

3. Find when the projectile in Example 2 has a velocity of 384 
velos ; find also its direction of motion at that instant. 

4. Shew that the total velocity of a projectile projected with given 
initial velocity at a given angle is least when it is moving horizontally. 

5. A projectile is projected with u velos making an angle a with 
the horizon ; prove that it will be moving in a direction at right angles 

to the direction of projection after - cosec a seconds. 

6. Two particles are projected simultaneously in the same vertical 
plane with velocities u velos and v velos at angles a and j3 to the 
horizon respectively ; shew that their velocities will be parallel after 

uv sin (a - fl) , 

-; — ^ ^-^ — r seconds. 

g (v cos j8 - « cos a) 

7. A particle projected with u velos at an angle a, is moving in a 
direction making an angle j3 with the horizontal plane after 



- (2/ sin a - » cos a tan /3) seconds. 



n— -^ 



lOO 



DYNAMICS. 



1 2 6. PROP. The path of a prcjectUe is a Parabola 

Let u velos be the initial velocity making an angle a 
with the horizon. 

Let P be the point of projection ; Q the position of the 
projectile after / seconds. Draw PF horizontal; draw PV 
vertically downwards ; draw PH making an angle a with 
PP'\ draw C^ vertical and ^^ parallel to HP. 

Then [Art. 91] PH^ ut ft. ; HQ = ^gf ft. 




Therefore QV' = PIP = «»/« 



— ux 



2HQ 21^ 



g 



g 



xPF 



- 4'SP . PV; where 4SP= 



2«* 

~g 



ft. 



But in the Parabola, QV = 4SP. PV; where SP is the 
distance of the focus from P, 

Therefore, if we draw a parabola, touching PIT at P, 
whose axis is vertical and vertex upwards, such that 

4SP^—it, 

g 

then Q will always be on this parabola. Q. e. d. 
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127. PROP. The speed of a projectile at any point of 
its path is equal to that due to a fall from the directrix. 

Let S be the focus and P the point of projection, then, 
SP is the vertical distance of P from the directrix; and 

by the last Article, SP= - ft. 

Let h be the number of ft. in SP; then, the velocity v 
due to falling with acceleration g, a distance h ft. is given by 

tf = 2gh 
but from above u^ = 2gh. 

Thus the speed of projection is equal to that due to 
falling from the directrix. 

And if this is true at the point of projection it must be 
true at every point; for the particle might be projected 
from any point in its path. 

NOTE. This proposition may be stated as follows ; "When any 
particle has fallen vertically under the action of gravity from a point on 
the directrix to a point on the parabola it has a vertical velocity down- 
wards, whose magttittide is equal to the velocity which the particle 
describing the parabola has when at .that point. It must be noticed 
that these two velocities are not in the same direction. 

It follows that the horizontal speed is that due to falling from 

the directrix to the vertex, and hence that the number of feet in the 

2// cos Cl 
latus-rectum of the parabola is . 

128. Another proof of Art. 127 is as follows. 

Let the tangent at P cut the axis of the parabola in T, The vertical 
velocity at A is zero; so that the vertical velocity at /'(f/sina) is 
that due to falling a vertical distance AN'y hence «'sin*a = 2^^iV. 

[Now in the parabola with the usual notation 

2AN= NT= PT sin a=2Pysma= 2SP sin^ a], 
whence u^sin^a^agSPsin^a, 

or U^=2gSP, Q. E. D. 
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Example i. To find the range and time of flight on an inclined 
plane, angle a, which passes through the point of projection. 

Resolve the velocity of projection along and perpendicular to the 
inclined plane ; the resolved parts are, in velos, 

initially, u cos (^ - a) ; u sin (^ - a) ; 

after / sees, « cos (^ — a ) - ^sin a x / ; usm(B — a) -^cos ax/. 




MO 

The distances resolved in the same directions after / sees., are in ft., 

ucos{$ - o)/-i^sina/*; «sin (^-a)/- J^coso/^. 

The particle strikes the plane again when the distance perpendicular 
to the plane viz. w sin (^ - a) /- J^cosa/^ is zero ; 

, . , ^ 2usml0- a) 

that is, when /= . 

^cos a 

Let OCy' in the figure be the range ; draw C?" J/ perpendicular to the 
horizontal line 00' ; then 0/W= horizontal velocity x time of flight 

7U sin (^-a) 



also, 00"= 



= u cos X 

^cosa 

OM 
cos a* 



. . . 2^2 sm (^ - a) cos ^ - ^ 

that IS, the range is ^ ^ feet. 

** g cos^a 

Example ii. Prove that in Example i. the particle at the middle of the 
time of flight is vertically above the middle point of the range and is moving 
parallel to the inclined plane. 

The first statement is most easily proved by observing that if the 
projectile carries a fine thread which hangs always vertical, this thread 
travels with uniform velocity in a horizontal direction ; and that there- 
fore the point in which this vertical thread cuts the inclined plane 
travels with uniform velocity along the plane. 
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To prove the second statement, we observe that the velocity of the 
projectile perpendicular to the inclined plane is zero, when 

u sin (a - /3) - ^cos j3 x / is zero, 

that is. when ^^ «sin(.-^) ^ 

^cosp 

which is at the middle of the time of flight. 

Therefore at the middle instant of the time of flight the velocity of the 

projectile is parallel to the plane. 

EXAMPLES. XXXn. 

1. A train is moving at the rate of 45 miles an hour, when a ball is 
dropped from the roof inside one of the carriages; prove that the 
ball describes a parabola in space, and find the position of the axis and 
directrix. 

2. A boy throws a stone from the top of a cliflf 128 ft. high 
with 64 velos at an angle 30® to the horizon ; find how far from the foot 
of the cliff it will strike the sea and with what velocity. 

3. Prove that, neglecting the resistance of the air, the range 
of a projectile on a horizontal plane is greatest when the angle of 
projection is 45®. 

4. Find with what velocity a man must be able to throw that 
he may just be able to throw a cricket ball 100 yards. 

5. A man throws a ball with a velocity 50 velos; in what direction 
must he throw it that he may just strike the top of a pole 40 ft. high at 
a distance of 100 ft. from him? 

6. A particle is projected with velocity u velos at an elevation a ; 
find its least velocity, and find when and where it attains that velocity. 

7. A particle is describing a parabola under the action of gravity, 
and at the instant when it has its least velocity that velocity is 
doubled ; shew that the time of reaching the horizontal plane from 
which it was projected is unaltered. 

8. From the top of a tower I project particles in a horizontal 
direction ; prove that the distances, from the foot of the tower at which 
the particles strike the horizontal plane on which it stands, are 
proportional to the velocities of projection. 

9. A projectile has initially u velos and its angle of projection is 
a ; prove that its distance from the point of projection after / seconds is 

(«2/a _ 1^ sin a^ + J ^2^) feet. 

10. Find the angle of elevation that the horizontal range may 
be equal to the distance of the point of projection from the directrix. 



I 



I04 DYNAMICS. XXXIL 

11. Shew that the greatest range on an inclined plane of 30', is 
two-thirds of the greatest range on a horizontal plane, with the same 
initial velocity. 

12. A straight smooth tube AB^ 72 ft. long, is placed at an angle 
30^ to the horizon so that its lower end ^ is at a height 16 ft. from a 
horizontal plane; a particle is allowed to slide from A through the 
tube and then to describe a parabola freely ; find how long after leaving 
the tube the particle strikes the ground. 

13. In Question 12, find how far from the point vertically under 
B is the point at which the particle strikes the ground. 

14. A straight smooth tubfe AB^ a ft. lon^;, inclined at an angle o 
to the horizon is fixed so that the lower end B \%h ft. from a horizontal 
plane. A particle slides from A through the tube and then describes a 
parabola freely, striking the plane at C; find the time of falling from B 
to C and the distance BC, 

15. A man in a railway carriage, moving with uniform velocity 
30 miles per hour, throws a ball so that it goes up four feet and returns 
to the point of projection; shew that the ball describes a parabola 
relatively to the earth and find how far the train moves w^hile it does so. 

16. Two men 5 ft. apart in a railway carriage which is moving 
uniformly with a velocity of 45 miles an hour toss a ball from one 
to the other, projecting it so that its time of flight is \ second. Shew that 
the ball describes a parabola in space ; and taking its path in the 
carriage to be perpendicular to the rails, find its range in space. 

17. The top of a railway carriage is la ft. from the ground, and it 
is moving at the rate of *i\ miles per hour ; a man jumps from the top, 
giving himself a horizontal velocity perpendicular to the rails of 8J velos ; 
find the velocity with which he will reach the ground. 

18. A particle is projected with velocity u at an angle a; with 
what velocity must I move on a horizontal plane that I may be always 
vertically under the projectile ? 

19. A particle is projected from a point on an inclined plane 
of angle /3 with velocity u at an angle a to the horizon so that its path 
is in the same plane as the line of greatest slope in the plane; with 
what velocity must I move on the plane so as to be always vertically 
under the particle ? 

20. Morin's macMne consists of a vertical circular cylinder which 
is made to rotate with uniform velocity, while one of the weights of an 
Atwood's machine having a pencil fixed to it descends with constant 
acceleration in a vertical line, and as it does so marks a line on 
the surface of the cylinder; shew that if the cylinder is covered with a 
sheet of paper, which after the pencil has made its mark upon it, 
is taken off and flattened, then the trace of the pencil on the paper will 
be a parabola. 
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21. Find the length of the latus rectum of the parabola described 
on a Morin*s machine, in which the circumference of the cylinder is 3 ft. 
and the weights in the At wood's machine are 15J0Z. and 16)02. 
respectively [^=32], the cylinder making a complete revolution in 
6 seconds. 

22. A particle is projected with velocity u velos at an angle a ; 
shew that it reaches the further extremity of the latus rectum in 

- (« sin a + « cos a) seconds. 
g 

23. A particle slides down a smooth inclined plane, of angle a, 
having initially a horizontal velocity on the plane (in a direction 
perpendicular to the line of greatest slope) of u velos ; shew that the 
particle traces out a parabola on the plane and find its latus rectum. 

24. A particle is projected with velocity u velcs at an angle a ; 
shew that the focus is — (sin'o-cos^a) above the horizontal plane 
through the point of projection. 

25. The focus of the path of a projectile is above or below the 
horizontal plane through the point of projection according as the 
vertical component of the velocity of projection is greater or less than 
the horizontal component. 

26. A particle slides down a smooth straight tube and then falls 
freely under the action of gravity; prove that the directrix of its 
parabolic path passes through the upper end of the tube. 



rau^cT 
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151. In cnfer to £rxi die veiocitnr of the particles after 
impact, rre vclocfrr before impact of each panicle must be 
rescKved inro two r£^\T<ssi purts^ oce along, the other per- 
pendicular to. the lice of impact ; 

Then, since the stress is in the line of impact, it has no 
tS&cx on either of the resolved parts of the velocities per- 
pendicular to this line. 

The stress produces its effect on the resolved p>arts of 
the velocities in the line of impact exacdy as if the other 
resolved parts did not exist. 

So that we find the velocities in the line of impact after 
impact as in Art 72. 

Each of these new velocities is then compounded with 
the resolved part perpendicular to the line of impact (which 
is unaltered) of the velocity before impact. 

The resultant velocities thus obtained are the required 
velocities after impact of the particles respectively. 
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Example. Two spheres A and B, ^ m lbs. and m' lbs. having 
velocities u velos and u' velos, making angles a and a respectively with 
the line of impact^ impinge on one another; find their velocities after 
impact. 

The resolved parts of the velocities perpendicular to the line of 
impact are in velos, u sin a, u sin a', respectively. 

These are unaltered by the impact. 
The resolved parts of the velocities along the line of impact are 

/I cos a, tt'cosa', respectively. 
Let the elasticity of the spheres be ^.. 




Then, since the problem is now one of direct impact, 
we have, by Arts. 68 and 72, 
if Vi 1/ be the velocities after impact in the line of impact 

mv + m'v' = mu cos a + m*u' cos a', 
and, z; - z/ = - ^ (« cos a -' u' cos a ) 

(w - m ) u cos a + m' {i+e)u' cosa' 



whence, v = 



m + m' 



{m' — em) u' cosa' ^m (i +^)«cosa 
m-\-m 

The resultant velocity of A is therefore >sJ{u^siv?a-{-v') in the 

direction making the angle whose tangent is with the line of 

impact ; a similar statement gives the velocity of B, 
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1, A sphere A of elasticity e impinges with 20^2 velos on an equal 
sphere B at rest, the line of impact making an angle of 45® with the 
direction of motion of A ; find the velocity of B after impact. 

2. A sphere impinges on an equal sphere at rest, find the con- 
dition that after impact their velocities may be at right angles. 
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3, A sphere A impinges on a sphere B of equal mass ; their veloci- 
ties before impact are at right angles and equally inclined to the line of 
impact and are equal in magnitude; shew that when £=^^ their 
velocities after impact are inclined at an angle 60^. 

4. A glass ball of elasticity e when moving horizontally with 
velocity u velos, is struck by an equal ball moving vertically with 
1/ velos, so that the line of impact is vertical; find their velocities 
after impact. 

5, A bird weighing i lb. moving horizontally with 80 velos is 
struck by a bullet weighing i oz, moving vertically with a velocity of 
1020 velos; find the subsequent velocity of the bird supposing the 
bullet to lodge in the bird ; and supposing it killed by the sho\ when at 
a height of 100 ft., find when it will fall to the ground, neglecting the 
resistance of the air. 

6. A bird weighing 2 lbs. moving horizontally with 30 velos 
is struck by a bullet of i oz, moving horizontally, but at right angles to 
the path of the bird, with a velocity 1320 velos ; find the velocity after 
impact supposing the bullet to lodge in the bird; and supposing the 
bird killed when at a height of 1 28 ft., find how long it will be before it 
strikes the ground. 

132. When an elastic ball impinges obliquely on a 
plane fixed to the ground, the problem is treated as in 
Art. 73. 

Examples, A sphere of elasticity e is projected with velocity u 
at an angle a to the horizon from a point in a smooth horizontal plane, 
against which it impinges and rebounds ; investigate the motion. 
The resolved parts of the velocity of projection are (in velos) 

u sin a, vertically; u cos a, horizontally. 
The particle first describes a parabola. 
On reaching the horizontal plane again the particle has velocity 

- «sin a, vertically; u cos a horizontally. 
The impact does not alter the horizontal velocity; the vertical 
velocity after impact is eu sin o. 

The particle now describes another parabola the velocity of pro- 
jection being ucosa velos horizontally, ^«sina velos vertically. And 
so on. 

Thus, after the «th impact the vertical velocity is 

e^ » sin a ; the horizontal velocity is u cos a. 
The range of any rebound is (in feet) 

2 (vertical velocity x horizontal velocity) 
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The distance from the point of projection at which the sphere will 
strike the plane after the «th rebound is 



2M^ sm a cos a 



{i+<r+<f*+ ... +<r*}; 



g 
the limit of which, when n is increased without limit, is 

2«^ sin a cos a 

The meaning of this is, that after reaching this distance from the 
point of projection, the sphere will. cease to rebound and will slide with 
velocity u cos a. 

133. The following proposition is important. 

PROP. When two masses of m lbs. and m' lbs. re- 
spectively of elasticity e impinge directly^ if v velos and 
v' velos be their velocities after impact then mv* -i- mV* is less 
thah mu* + m'u'*. 

We have, mv + m'v' = mu + m'u* 

and, v-v' ==-e(u- «'). 

Therefore {mv + m'v'Y = {mu + m'u'f 
and, mm^ {v - v'f = mmV {u - «')*. 

Whence, by addition 

{m + m') {mtf + w V) = {m + m') {mu^ + m'u*) 

- mm' (i - ^) (« - «')*, 

or, wz/* + ^wV = mt^ + »i V ^, (i - ^) (« - 2^')'. 

m + m^ ^^ ^ 

Now <f is never greater than i ; so that i - ^ cannot be 
negative j hence wz/' + m'v'' is always less than mu' + /«'«' ; 
except when e=i, and in that case the two expressions are 
equal. 

This result may be expressed (See Chapter XV.) thus ; 
The kinetic energy of two menses is diminished by direct 
impact y except when the elasticity of the masses is perfect. 

We leave as an exercise for the student the proof of the 
proposition that if v velos and v' velos be the velocities 
after oblique impact of masses m lbs. and m' lbs. then 
mv' + m'v" is less than mrf + m'ti'. 
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EXAMPLES. ZZXIV. 

1. A glass ball of elasticity |rds is .projected with 40 velos at 
an angle of projection whose sine is |, from a point on a horizontal 
pavement ; find its range after one rebound. 

2. A glass ball of elasticity \ is projected at an angle whose sine is 
\\ with 156 velos from a point in a horizontal plane; find how far 
it will go before it ceases to rebound. 

3. A particle of elasticity f is projected with velocity 100 velos at 
an angle 60^ to the horizon from a point in an inclined plane making 
an angle 30*^ with the horizon; find the velocity of the particle after 
one ret ound from the plane. 

4. A particle of elasticity e is projected with u velos at an angle c 
to the iiorizon and after striking a fixed vertical wall at a horizontal 
distance h ft. returns to the point of projection ; prove that 

hg{i^re) = lu^ e sin a cos u. 

6, Two particles of elasticity e are projected in exactly opposite 
directior s from a point between two fixed vertical parallel planes and 
distant a ft. and b ft. from them respectively ; shew that they will not 
meet again unless the directions of projection are perpendicular to the 
planes. 

6, A particle of elasticity e is projected from a point half-way 
between two fixed parallel vertical walls ia ft. apart, in a given 
direction, and after three rebounds returns to the point of projection ; 
find the velocity of projection. 

Note. "When a sphere strikes a plane the angle its velocity makes 
with the normal to the plane is called the angle of incidence ; the 
angle which its velocity after impact makes with this normal is called 
the angle of reflexion. 

7, A sphere of elasticity J impinges on a plane ; find the angle 
of incidence that its direction after impact may be at right angles 
with its direction before impact. 

8, Prove that when a perfectly elastic sphere impinges on a smooth 
plane the angles of incidence and reflexion are equal. 

9, A perfectly elastic ball is projected on a smooth rectangular 
billiard table in a direction parallel to one of its diagonals ; find the 
condition that after impinging on each of the four sides the ball will 
return to the point of projection. 

10, If a be the angle of incidence and /3 the angle of reflexion of a 
sphere of elasticity ^ on a smooth plane, prove that .cot /3 =^ cot a. 
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11. A sphere sliding on a smooth horizontal plane impinges in 
succession on two smooth vertical planes at right angles to each other ; 
prove that the velocity of the sphere after the second impact is parallel 
to its velocity before the first impact. 

12. Two spheres moving in parallel directions with equal and 
•opposite mass-velocities impinge; prove that after impact they will 
move in parallel directions with velocities in the inverse proportion 
of their masses. 

13. A smooth small sphere of elasticity e slides down a smooth 
inclined plane of height h and inclination a, and impinging on a smooth 
horizontal plane at the foot of the first describes a parabola; find 
the range. 

14. A particle of elasticity e is projected from a horizontal 
plane so as to impinge on a given vertical wall at a distance a ^t., and 
after one rebound on the horizontal plane returns to the ploint of 
projection; the velocity of projection being u velos, find the dire tion of 
projection. , 

15. A sphere of elasticity e is projected at an angle a from 
the middle of the floor of a rectangular room h ft. high, ib ft. wide, so 
that after impinging on a wall, on the ceiling and on the opposi e wall, 
it returns to the point of projection; find equations to deteriTiine the 
velocity of projection. 

16. A smooth inelastic particle slides along the sides of a regular 
polygon of n sides under the action of no forces ; prove that its velocity 

(17C X** 
cos — J 

to I. 

17. Two masses m lbs. and m' lbs., moving with u velos and 
u* velos respectively impin|^e, so that «, tl make angles a, a with the 
line of impact ; prove that if after impact they are moving with v velos 
and V velos respectively, then 

mT/^ + m'v^=mn^-\-mu'^ , (.i -e^) (Mxosa -7/'cos«')*' 

'fn-\rtn 



CHAPTER XL 

NEWTON'S LAWS OF MOTION. 

134. Newton's Laws of Motion are 

LEX I. Corpus omne perseverare in statu quo qukscendi 
vel movendi uniformiter in directum^ nisi quatenus illud a viri- 
bus impressis cogitur statum suum mutare. 

LEX 11. Mutationem motus proportionalem esse vi mo- 
trici impresscBj et fieri secundum lineam rectam qua vis ilia 
imprimitur, 

LEX IIL Actioni contrariam semper et cequalem esse 
reactionem : sive corporum duorum adiones in se mutuo semper 
esse cequales et in partes contr arias dirigi. 

They may be translated as follows : 

I. Every body perseveres in its state of rest or of 
motnng uniformly in a straight line, except in so far as it is 
made to change that state by external forces, 

II. The change of the mass-velocity of a body is nu- 
merically equal to the impulse which produces it and is in the 
same direction. 

III. To every action there corresponds an equal and 
opposite reaction; that is to say, the actions of two bodies upon 
each other are always equal and in opposite directions. 

Newton's Laws, I and II, follow immediately from 
Art. 31, provided, we define Impulse as the equivalent of a 
Force acting continuously for a definite interval \ for force 
produces acceleration \ therefore impulse produces additional 
velocity. 

We may therefore in Art. 33 replace the words force 
and acceleration by the words impulse and velocity \ and then 
Art. 33 is a statement of what is implied by Laws I and II. 
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Gronveraely, Art. 31 follows immediately from Laws I 
and II, provided we define force as, that which acting 
continuously for a definite interval is equivalent to an 
impulse; for impulse is that which produces additional 
velocity; therefore force must be that which produces 
acceleration. 

Example, Consider a mass of 10 tons on a smooth horizontal 
plane (for instance a railway carriage on smooth horizontal rails), to 
which an horizontal impulse is applied by means of a hammer. 

Suppose the mass of the hammer to be i lbs. and the velocity 
32 velos ; and suppose the hammer just brought to rest by the impact. 

The impulse communicates the mass velocity 64 pound-velos to the 
10 tons. 

When the 10 tons is in motion, by making the hammer impinge 
again with a velocity 32 velos greater than the velocity of the 10 tons 
and bringing it relatively to rest by the impact, we can arrange that the 
impulse 64 pound-velos can be repeated any number of times. 

Now suppose men employed to apply to the 10 tons in succession a 
series of impulses at intervals of -^ of a second ; each impulse com- 
municating 64 pound-velos to the 10 tons, and suppose that they apply 
100 impulses per second. 

In such a case, if the force of each impulse lasts exactly xrir of ^ 
second, and is uniform, then the 10 tons is acted on by a continuous 
force, 

64 pound-velos are communicated to the 10 tons every y^ of a 
second ; that is, 6400 pound-velos per second, and 

The motion is that produced by a force of 6400 poundals ; or by 
the weight of about 200 lbs. 

135. Let us suppose that there is such a thing as. an 
instantaneous impulse. 

Suppose an impulse w pulses applied to a particle of 
unit mass (in the direction of the motion of the particle) at 
the beginning of each of a series of n intervals, each of t 
seconds, such that nr - 1, 

The particle will receive at the beginning of each interval 
an additional velocity w. 

L. D. % 
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Next suppose the intervals diminished^ their number 
increased, and the ratio of the impulse to the interval kept the 
same so that 

- is constant. 

T 

Let a stand for the ratio - . 

T 

Then in the limit, when the number n is infinitely 
increased, the motion of the particle is that of the uniformly 
increasing velocity of a celos which is caused by continuous 
force, 

136. Hence an impulse which is equivalent to a force 
continuing for some given interval may be looked upon as a 
series of infinitely small impulses applied at infinitely small 
intervals whose sum is equal to the given interval. 

The magnitude of a continuous force is measured by the 
rate at which it produces impulse. 

137. It is not necessary however in the above to 
suppose the impulse instantaneous. 

Let each impulse produce the velocity w velos gradually 
and uniformly in the interval t sees.; then, whether the 
intervals t sees, are large or small, the motion of the particle 
is uniformly accelerated motion such as, by Art. 31, is 
produced by continuous force. 

138. But just as the properties of curves are studied 
by supposing them to be derived from polygons, in which 
the sides are made to become infinitely numerous and 
infinitely short ; so it is sometimes convenient to imagine our 
contimious force acting for a certain interval to be equi- 
valent to a series of small impulses ; these impulses being 
instantaneous^ and becoming, in the limit, infinitely quick 
and infinitely small. 
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139. PROP. To prove the formula s==ut-k- \af o/Ait 2 1 , 
/^ Newton's method. 

Suppose a point to be moving in a straight line so that 
its velocity receives at the beginning of each one of a series 
of equal intervals of t sees, an additional velocity (o velos. 

Let n of these intervals of t sees, make up / sees. 

Let u be the velocity of the point at the beginning of 
the interval / seconds. 

The velocity during the rth interval t seconds is 

{u + ro)) velos. 

The distance passed over in the course of that interval 
is (u + rcu) T ft. 

So that the whole distance passed over in t seconds is 
\(u + (o) T + (« + 20)) T +...+(« + WO)) t} feet 
that is \n {zur + (n + i)a)T.} feet 

that is {«/+ ^«a)/+ |o)/} feet. [Compare Art. 24.] 

Now suppose the interval t seconds be diminished and 

consequently the number « increased so that nr still equals /. 

Suppose also that the rate at which velocity is added is 

kept unaltered, so that - is a constant number =aj and 



nT<i) /(I) - 
n<i} = — =^ — = a/. 

T T 

Then the distance passed over in / seconds is 

This is true however great n may be ; and hence it is 
true when n is greater than any assigned number ; in which 
case the distance passed over in / seconds is 

»/ + ^af. 
140. The following proposition is an instructive ex- 
ample of Newton's method. 

^— ^ 

\ 
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141. PROP. A point moves with constant speed v velos 
along the perimeter of a regular polygon ABC... ofn sides in- 
scribed in a circle of radius r ft. ; prove thai at each angle the point 
receives cm additional velocity towards the centre of the circle; 

V* 

and that the rate of additional velocity per second is — . 

Let O be the centre of the circle. 

Let AB = J ft. ; let t seconds be the interval occupied in 
going from A to B\ then, s = vr, 






Draw (9iV bisecting AB at right angles. 
Produce AB to -^so that BK represents the velocity v 
velos along AB ; 

let Misrepresent the velocity v velos along BC\ then 

BB=BK. 
Complete the parallelogram BKHL, 
Draw B W bisecting HK at right angles. 
Then, since BK= BH, the angle BKH^ BHK= HBL. 
But the angle ABL = BKH\ 
therefore the angle ABL - HBL, 
Therefore BL produced passes through the centre O, 
Now the velocity represented by BJIis the resultant of 
the velocities BKy BZ, 

That is, the velocity BL when added to the velocity BK 
changes it into the velocity BH. 

In other words, when a point having v velos along AB. 
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changes its velocity to z' velos along BC^ it receives an 
additional velocity w velos represented by BL^ whose direc- 
tion is towards the centre of the circle. 

The rate of additional velocity per second is -. 

T 



But, 


0) mv V 0) 

T S B V 


and, 


CO HK 2KW 2NB s 
v~ BK~ BK OB ' r 


Therefore, 


CO 7/' CO Z/^ 5 Z/* 

T s V s r r 


f-ni . • . « 


. , . . v' 



That is, the required rate is — . q. e. d. 

142. PROP. A point moves with the constant speed 
V velos along the circumference of a circle <2^ radius r) prove 



v' 



that this point has constant acceleration — celos towards the 

r 

centre of the circle. 

We consider a circle to be the curve which a regular 
polygon approaches as its limit, when the number of its sides 
is infinitely increased. 

When the polygon in Art. 141 becomes a circle the 
additional velocity at each angular point is infinitely 
diminished, the number of angular points being infinitely 
increased. 

Hence, instead of a series of sudden increases of velocity 

we have, for the circle, a continuous growth of velocity, 

v^ 
always in the direction of the centre, at the rate — velos per 

second : that is, at the rate — . 

r 

N.B. Neither in the polygon nor in the circle does this 
continuous increase of velocity alter the speed. It alters the 
velocity as regards direction only. 
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143. PROP. A particle of mass m lbs. ts descrUfinga 
circle of radius r ft. with v velos ; prove that it is acted on by 

a force — poundals towards the centre. 

The particle has a constant acceleration — celos towards 
the centre. 

Acceleration never exists unless force causes it ; hence 

there is a force — poundals towards the centre. 

144. A force which always tends towards a fixed point 
is called a centripetal force.. 

Example i. A particle of i \h., fastened to a fixed point O by a liglU 
string 2 ft. long, describes the circle about O as centre once every second; 
find the tension of the string, 

[NOTE. In a question, like this, gravity is. not supposed to be acting. 
The particle might be moving on a perfectly smooth horizontal plane. 
The student should notice that unless some word such as» weighty 
horizontal^ vertical^ heavy,, appears in a question,, gravity is supposed 
not to act.] 

The particle describes the circumference of a circle of 2 ft. radius in 
1 sec. ; therefore it moves at the rate of 47. ft. per sec. 

Therefore by Art. 143 its acceleration is celos. 

Therefore it is acted on by 8ir* poundals. 

The tension of the string is therefore equal to the weight of about 

8x22x22 , , 
pounds, nearly ; 

32x49 
that is, to the weight of 2*47 lbs, nearly. 

NOTE. When a mass is describing a circle with uniform speed, 
its velocity is being changed (not in magnitude, but) in direction. By 
reason of its inertia this change cannot be made in the velocity of the 
mass by anything except by external force. We have shewn that in 
order to effect this change a force of a certain magnitude must con- 
tinuously act on the particle towards the centre of the circle. The 
inertia of the mass continuously opposes this force ; and used to be said 
to be centrifugal. This word centrifugal is very misleading ; for the 
student should carefully notice that if the centripetal force ceases, the 
motion of the mass is along a tangent: therefore the tendency of the 
mass should be called tangential, not centrifugal. 
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EXAMPLES. ZXZV. 

In the first four of the following questions gravity is not acting, 

I, A point is describing a circle of radius 5 ft. with uniform speed 
10 veloSy find its acceleration. 

^ 2. A mass of 4 lbs. is describing a circle of radius 5 ft. with 
uniform speed of 10 velos ; what force is acting upon it ? 

3. A mass m lbs. fastened by a string to a fixed point is describing 
a circle uniformly with v velos; the tension of the string is/ poundals, 
find the length of the string. 

4. A mass m lbs. is fastened by a string of length r feet to a fixed 
point O, and describes a circle about O n times per second ; shew that 
the tension of the string is ^mt^i^r poundals. 

5. A railway carris^e is describing a curve on horizontal rails; 
shew that if it goes fast enough it must fall over. 

6. A railway carriage of 10 tons is describing an arc of a circle of 
\ mile radius with a speed of 30 miles an hour ; find the horizontal 
force which must be acting on the carriage. 

7. A mass of i cwt. is in a railway truck which is moving, on 
horizontal rails on a curve whose radius is 400 yards, at the rate of 
60 miles an hour; what is the horizontal stress between i cwt. and the 
truck? 

8. A mass of 56 lbs. is placed in a swing the ropes of which are 
10 ft. long; find the difference in the tension of the ropes when the 
swing is at its lowest point, (i) when it is at rest, (ii) when it is moving 
with 20 velos (neglecting the mass of the swing itself). 

9. A horse weighing 5 cwt. is going along a road at the rate of 
10 miles an hour and passes over a depression in the road whose section 
is that of a circle of 40 feet radius ; what is the difference between his 
weight and the average pressure of his feet on the road when at the 
lowest point of the depression? 

10. Two masses of 3 lbs. and 4 lbs. on a smooth horizontal plane 
are fastened together by a light inelastic string 7 ft. long and are each 
describing a circle so that one point in the string is at rest on the plane; 
what must be the point in the string? 

II. Two masses A and B of i lb. each are joined by a string ; the 
mass A describes a circle of radius 2 ft. with uniform speed on the 
surface of a smooth horizontal table, while the other mass B is sus- 
pended under the action of gravity by the string, which passes through 
a small hole in the table at the centre of the circle; find the speed of ^. 

12. Two masses A and B are joined by a string ; the mass A of 
10 lbs. describes on a smooth horizontal table a circle of radius 5 ft. 
with uniform speed 5 velos ; the other mass B is suspended under the 
action of gravity by the string which passes through a small hole in the 
table at the centre of ^'s circle ; find the mass of B that it may rest in 
equilibrium. 
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13. A panicle of 3 lbs. is fastened to a fixed point by a string 
1 ^2 feet long and is describing a horizontal circle under the action of 
gravity, so that the string describes a right circular cone, the inclinaticm 
of the string to the vertical being 45®; prove that the velocity of the 
particle is about 8 velos. 

14. Shew that the tension of the string in Question 13 is 3 ^2 lbs. 
weight. 

15. A particle of pi lbs. is fastened to a fixed point by a string 
/ feet long, and is describing a horizontal circle under the action oi 
gravity, so that the string describes a right circular cone of vertical 
angle la ; prove that the velocity of the particle is 

«y(/^sin2 a sec a) velos. 

NOTE. The arrangement described in Question 15 is called a 
Conical Pendulum, 

16. One end of a string 2/ feet long is fastened to a point ^ on a 
fixed smooth vertical rod, the other to a small ring P of mass m lbs. 
which slides on the rod ; another mass Q m' lbs. is fastened to the middle 
point of the string and revolves with velocity t/ velos in a horizontal 
circle so that the angle AQP is a right angle, prove that 

i_ Ig {m'+2m) 

,J2 VI 



z^- 



145. PROP. When a point P is moving with uniform 
velocity^ the line OY joining P to any fixed point O, traces out 
equal areas in equal intervals, 

JO 




Let the point P be moving in the straight line ABD 
with uniform velocity; P passes over equal distances in 
equal intervals ; let AB and BD be two distances passed 
over by P in any two equal intervals ; then, AB = BD, 

Therefore the area OAB = OBD, 
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But the areas OAB^ OBD are areas traced out by OP 
in any two equal intervals; so that OP traces out equal 
areas in equal intervals, q. e. d. 

146. PROP. A point P is moving with uniform velocity 
u velos, (so that the line OP joining P to a fixed point O is 
tracing out equal areas in equal intervals) \ at a certain instant 
the velocity of P receives a certain addition of <o velos^ in the 
direction PO; it is required to prove that such an addition of 
velocity does not alter the rate at which OP is tracing out 
area. 

Let the point P be moving with u velos along AB, 

Produce AB to D\ let ^-^ represent u velos. 

When P is at ^ let it receive an additional velocity 
CO velos represented by BK^ where BK produced passes 
through (7. 

Complete the parallelogram BKRH\ then the subse- 
quent path of P is along BR^ with velocity v velos repre- 
sented by BR, 




Let AB=ut ft. ; produce AB to Z>, making BD = AB ; 
through jD draw DC parallel to BR:; then BC=vt ft.; 
so that AB and BC are the distances passed over by P 
in equal intervals of / seconds, just before and just after, 
the addition of the velocity co velos. Also A OB and BOC 
are the areas traced out in the same equal intervals. 
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But the area BOC= BOD, since CD is parallel to 0B\ 
and the area BOD = A OB, for AB = BD. 

Therefore, the area BOC^AOB. 

That is, the area traced out by OP in any two equal 
intervals just before and just after the addition of the velocity 
BKy is the same. 

In other words, the rate at which OP traces out area is 
unchanged, q. e. d. 

147. PROP. Theconverseof Art. 146. If a point?, 
mmnng with uniform velocity u velos along AB, receive an 
additional velocity when it is at B, in such a manner thai the 
rate, at ivhich the line joining P to some fixed point O traas 
out area, is unchanged, then this additional velocity must be in 
the direction BO. 




Let A OB and BOCh^ the areas traced out by OP in 
equal intervals of / seconds. Produce AB to Z>, making 
BD=AB. 

Let BH represent u velos; let BR represent the re- 
sultant velocity ; then HE represents the additional velocity ; 
and since 

BD = AB = ut and BC = vt, 
HR is parallel to DC, 

But by hypothesis, the area OBC-AOB, and the area 
AOB^ OBD. Therefore the area OBC-^ OBD, 
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Wherefore DC is parallel to BO, 

But the additional velocity at B is parallel to DC and 
therefore is in the direction BO, Q. e. d. 

148. It follows from the proposition of Arts. 146 and 
147, that when the velocity of a moving point /* receives any 
series of additions each of which is such that it is in the 
direction of the line joining P at that instant to a fixed 
point O, then the line OP traces out equal areas in equal 
intervals. 

149. And conversely, if the line joining a moving 
point to a fixed point O traces out areas at a constant rate 
per second, then whatever addition is made to its velocity 
that addition must always be in the direction which PO has 
at that instant. 

150. This is true whether the additional velocities are 
large or small and whether the intervals are large or small. 

151. Suppose now that a force of any magnitude acts 
on a particle P of mass w, so that the force is always in the 
direction of the line joining P to a fixed point O. 

Newton imagines this force to be the limit of a series of 
small instantaneous impulses acting on the particle at small 
intervals. These impulses will each be along the line joining 
P io O dX the instant of its action. Accordingly these 
impulses will generate small additional velocities in the 
particle, each velocity being in the direction PO. 

Therefore however small and however frequent these 
impulses are, the rate at which OP traces out area will be 
unaltered by them. 

Hence, when a particle P is acted on by a force which 
always is directed towards a fixed point O, OP traces out 
equal areas in equal intervals. 
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152. The converse is also true. If the motion of a 
particle P is such, that the line OP joining ^ to a fixed 
point (9, traces out equal areas in equal intervals, then what- 
ever force acts upon /*, the direction of this force must 
always be towards O. 

EXAMPLES. XZXVI. 

1. Prove that a mass which is describing a circle with uniform 
speed, is acted on by a force whose direction tends always towards 
the centre of the circle. 

2. Kepler observed that the line joining the centre of the sun S to 
any one ot the planets /*, traces out eaual areas in equal intervals ; 
what is the direction of the force under which the planets are moving? 

3. Prove that a Planet moves faster when nearest the Sun than 
when it is furthest from the sun. 



CHAPTER XII. 



RELATIVE MOTION. 



153. When we speak of the distance of a point, we 
must always fix upon another point/n?/« which that distance 
is to be measured. 

So when we speak of the velocity of a point P (that is, of 
the rate of increase of the distance of the point P\ we must 
again fix upon some point O from which the distance which 
increases is to be measured. 

Thus the velocity of a point is a relative term only. 

154. When the point (7, from which the distance of P 
is measured, is at a distance from another point 0\ then 
the distance of P from (7 is the resultant of the distances of 
P from O and of O from &. 

Similarly, when P has velocity relatively to O^ and O a 
velocity relatively to 0\ then the velocity of P relatively to 
Cy is the resultant of those two velocities. 

For example, when we speak of the velocity of a railway train we 
mean its velocity relative to some point on the earth's surface. The 
surface of the earth is itself in rapid motion. 

155. When a number of points have, besides their 
own proper motion, a velocity common to each of them, this 
common velocity has no effect on the relative distances, after 
any interval, of the points /r^^z each other. 

156. The same is true of an acceleration common to a 
number of points. 
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157. Therefore it is also true, when 2l force is applied to 
each of a system of particles, such that the magnitude of 
each force is proportional to the mass of the particle to 
which it is applied (so that each particle has produced in 
it a certain acceleration). 

For example, the weight of any particle produces in it a certain 
fixed acceleration. 

Example, A small shell explodes in mid-air^ in suck a way that 
each fragment has the same additional initial velocity u velos away from 
the centre of the shell, given to it cU the instant of explosion ; shew that 
(neglecting the resistance of the air) after any interval t sees, the frag^ 
ments all lie in the circumference of a sphere of radius ut ft. 

Each fragment is moving (i) with the velocity of the shell, say 
V velos at the instant of the explosion, (ii) with the additional velocity 
u velos, and (iii) with the acceleration g celos due to gravity, down- 
wards. 

To find its position after '/ seconds we must draw from the initial 
position O (which is that of the shell at the instant of explosion), a 
line vt ft. parallel to v, a line ^g^ vertically downwards, arriving at a 
point O' ; then from O' a line ut in a different fixed direction for each 
fragment. 

The point 0' is the same for each fragment ; so that after / seconds 
each fragment is at a distance «/ ft. from the same point 0\ This 
point (7 is the position which the small shell would have occupied had 
it not exploded. 

EXAMPLES. ZXXVn. 

1, A shell when moving horizontally explodes so that its mass is 
equally divided and one part is brought momentarily to rest by the 
explosion ; shew that the velocity of the other part is doubled by the 
explosion ; and if the shell was at the height of 400 ft. and moving 
with 100 velos, shew that the distance between the two portions on 
reaching the ground is 'looo feet. 

2, A number of guns are fired simultaneously in different directions 
each making the same angle with the horizon, the muzzle velocity of the 
bullets being the same ; prove that the bullets are after any interval to 
be found on the circumference of a horizontal circle. 



RELATIVE MOTION, 127 

3, A number of rifles are simultaneously discharged in all directions 
from the same point, the bullets having each a muzzle velocity of 
1000 velos; prove that when the bullet which was projected vertically 
has reached its highest point, all the bullets are on the surface of a 
sphere of radius 31250 ft. 

4, A number of particles are simultaneously swept off a table with 
different horizontal velocities ; shew that they all reach the ground simul- 
taneously. 

5, A series of particles are simultaneously projected along a 
horizontal line on an inclined plane with different horizontal velocities ; 
shew that as they slide down the plane they continue in the same hori- 
zontal line. 

6, Shew that if a series of spheres are projected as in Question 5f 
vhich impinge on one another, they will always be in the same horizontal 
line. 

7, Prove that the force which a railway engine exerts in pulling a 
train, over and above that necessary to overcome the friction, is distributed 
among the component parts of the train in the proportion of their 
masses. 

8, Shew that if any number of particles are moving with the same 
velocity in space, and parallel forces proportional to the masses of these 
particles are applied to each of them respectively, the relative positions 
of the particles will not be altered thereby. 



CHAPTER XIII. 

THE HODOGRAPH. 

158. We represent the path of a moving point F by 
a line drawn on the paper. 

The place from which the point is observed is represented 
on the paper by a fixed point 0\ the distance of P from 
is represented by the straight line OP, 

Consider the positions P^^ P^ which P has at the begin- 
ning and at the end of an interval / sees. 

The additional distance of P in the interval / sees, is 
represented by the straight line P^P^* 

When P is moving with uniform velocity u velos, then 
Pi/; = ///ft. 

159. When the path of -P is a curved line, a tangent to 
the curve at a point P^^ gives the direction of the velocity 
of P at the instant when the point is at /\. 

Take a point P^ near to P^, 




Then P^P^ is a line whose direction approaches that ot 
the tangent at P^^ when P^ is made to move nearer to /\. 
Also, if PxPi = ^ ft., and the point P take / sees, in going 

from P^ to -Pg, then - approaches to the number of velos in 

the velocity of P when at /\, as P^ approaches P^, 
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160. Now take another fixed point O \ from O draw 
a line ^^ to represent the velocity of the moving point P, 
If we consider Q to move so that the line OQ\^ always 
parallel and proportional to the velocity of Py Q will trace 
out a line. The line traced in this way by the point Q is 
called the Hodograph of the point P. 

161. On the hodograph take the two points Q^, Q^ 
which correspond to the points /\, P^ on the path of P. 
Then Q^Q^ represents the additional velocity added to P in 
the interval / sees. 

For OQ2 is the velocity at P^, and it is the residtant of the two 
velocities OQ1 and QiQ^' [Art. 99.] 

162. Suppose Qj Q^ represent v velos, then, as P^ 

V 

approaches /\, the ratio - approaches the number of celos 

in the acceleration which P has when at P^, 

Also, the direction of the tangent to the hodograph at 

^1, is the direction of the acceleration of P when at P^ 

In other words, the velocity of Q in the hodograph represents tlie 
acceleration of P on the curve. 

Example i. The hodograph of a point which moves with uniform 
velocity is a point. 

The line OQ is fixed. 

Example ii. When a point is moving with a velocity which is 
uniformly increasing in a given direction, the hodograph is a straight 
line along which it moves with uniform velocity. 
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Example iii. When a point is moving with constant speed [See 
Art. 78] in the circumference of a circle, its hodograph is a cirde; 
and the point Q moves along the hodograph with miiform speed. 

For OQ represents the velocity of P^ and it is of constant magnitude 
and its direction turns through equal angles in equal intervals. 

Example iv. When a point moves with constant speed v velos 

along the circumference of a circle of radius r feet, it ha^ a constant 

v2 
acceleration — celos whose direction always points to the centre of the 

circle. 

Let the point P be describing the circle PP-^ whose centre is A with 
constant speed. 

Draw the hodograph of P\ let this be the circle QQ^ whose centre 
is O ; then the acceleration of P is represented by the velocity of Q, 





Let ft, ft be points on the hodograph corresponding to the points 
/i, P^ on the path of P, 

Then OQ^ is parallel to the velocity of P at /\ and is therefore 
perpendicular to APy. 

The velocity of Q at ft is perpendicular to (9ft, which is parallel 
to PyA and is constant. Therefore the acceleration of /* at /\ is in the 
direction P-^A and is constant. 

Now Q describes the circumference of its circle while P describes 
the circumference of its circle ; let the interval in which this is done be 
/ sees. ; let the velocity of ^ be a velos. 

Then, OQ^v ft. and at=2TV, 

also, vt= 2irr, 

whence, a = — . Q. E. D. 

r 



SECTION IV. 

WORK, ENERGY, POWER. 

CHAPTER XIV. 

WORK. 

163. An external force is said to be doing work on a 
mass when its point of application is passing over distance 
in the direction of the force. 

Examples, The weight of a mass falling freely does work on 
the mass. 

The pressure of the foot of a bicyclist does work on the treadle 
of his bicycle. 

The pull of a horse does work on the carriage it is drawing. 

When a horse is attached to a railway truck and pulls at it, then as 
long as the truck is ai rest, we say the horse is leaning against the truck, 
and does no work ; but when the truck moves and the horse continues 
his pull, he does work as long as his pull is continued. 

164. DEF. The work done in an interval on a mass 
by an external force, varies directly as the force j and also 
directly as the resolved part in the direction of the force, of 
the distance passed over in that interval by the point of appli- 
cation of the force. 

Thus, the work done by a force applied to a mass in motion, is 
doubled, trebled, etc., when the force is doubled, trebled, etc., for 
the same distance; and the work done by a given force is doubled, 
trebled, etc., when the resolved part of the distance in the direction of 
the force is doubled, trebled, etc. 

It is convenient to refer to the resolved part in the 
direction of the force, of the distance passed over by the 
point of application of a force, as the distance through which 
the force works. 
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NOTE. The work done by an external force on a 
moving mass is independent of the length of the interval 
occupied; it depends only on the^r^^ and the distance, 

165. DEF. We shall choose as our unit work the 
work done by a poundal while its point of application 
moves over difoot in the direction of the poundaL 

We shall call this unit work a foot-poiindaL 

Hence the measure of the work done by a uniform force, is 
the product of the number of poundals by the number of feet through 
which it works. 

Example, The work done by the weight of i lb. while the i lb. 
passes over i foot vertically downwards, is g foot-poundals. 
For, the weight of i lb. —g poundals, 

I poundal acting through 1 ft. = i foot-poundal, 
^poundals acting through i ft. =^ foot-poundals. 

166. When the distance through which the force works, 
is passed over by the point of application in the direction 
opposite to that of the force, this distance is negative; and 
in this case the work done by the force is said to be 
negative ; or we say that work is done against the force. 

Work which is done in lifting mass under the action of gravity, 
is done against the weight of the mass. 

167. The work done against gravity in raising i lb. 
through a vertical distance of i foot is g foot-poundals. 

This amount of work is called a foot-pound, which is 
an abbreviation for a foot-poundweight. 

Hence 2i foot-pound is equal to g foot-poundals. 

Example. Find the work done by the weight of i cwt. while the 
cvfi, falls a vertical distance of 10 feet. 

The force is 32 x 112 poundals. 

The distance passed over by the mass in the direction of the force, 
that is, the distance through which the weight works, is 10 ft. 

The work done is therefore 32 x 112 x 10 foot-poundals. 
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168. When two equal and opposite forces (as, for 
example, the action and reaction of a stress) act upon the 
same point the work done by one of the forces is equal and 
opposite to the work done by the other. 

Also, if two equal and opposite forces act upon different 
points which have no motion relative to each other, the 
work done by one of the forces is equal and opposite to 
that done by the other force. 

. The total work done by two such forces is zero. 

Example i. The tension of an inextensible string does no work. 

A man in a railway carriage who presses with his feet against the 
opposite seat does no work, notwithstanding that the mass, to which he 
applies two equal and opposite forces, is in motion. 

Example ii. When the masses in an Atwood's machine are equal 
and are in motion the weight of one does as much work on its mass as 
the second mass does against its own weight. 

Example iii. i cwt. slides down an inclined plane of height 10 ft. 
and inclination a ; find the work done by the weight of the mass when 
the ma^s goes from the top to the bottom. 

The distance passed over by the mass is the slant side of the plane ; 
the direction of the force is vertically downward 5 the resolved part of 
the distance in the direction of the force is the vertical distance passed 
over ; this is, the height of the plane, viz. 10 feet. 

Hence, the work done is 10x112x32 foot-poundals ; 

that is, n 20 foot-pounds. 

Example iv. A horse draws a tram-car of 2 tons along a hori- 
zontal road with the uniform velocity of 7 J miles an hour ; supposing the 
resistance of the friction etc, is -^ of the weight of the car ^ find how many 
foot-pounds the horse is doing per second. 

The resistance of friction etc. is a force equal to the weight of -^ of 
2 tons ; . that is, the weight of 56 lbs. 

Therefore the horse must be applying a force of 56 x^ poundals; 
[for, since the velocity of the car is uniform, no additional force is 
required by the inertia of the car.] 

The point of application of this force is moving at the rate of 7J miles 
per hour ; that is, of 1 1 velos. 

Therefore the horse is doing 11 x 56 x^ foot-poundals per second ; 
that is, 616 foot-pounds per second. 
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169. PROP; The number of foot-pounds in the work 
done hy the weight of a mass whUe the mass is moved from 
one position to another is the product of the number of lbs. 
weight by the number of feet in the vertical distance of the 
second position below the first. 

For we may consider the path of the mass to be along a 
number of inclined planes ; the work done by the weight in 
descending any one of these planes is the same as the work 
done in descending the vertical height \Example iii. above]. 

The work done in ascending any incUned plane is that 
due to its vertical height and is negative ; hence 

The work done by the weight of a mass in going by any 
path whatever from one position to another is the same 
as that done by the weight of the mass in descending from 
the first position to the horizontal plane in which the second 
position lies. 

Thus, the work done in raising i ton through a vertical distance 
50 feet is the same, viz. 2240 x 50 x ^ foot-poundals, by whatever path 
the ton arrives at that height. It may be raised by screws; or by 
a system of pulleys ; or by a horse pulling it up an incline in a cart ; 
or it may be raised by a man carrying it piece-meal up a ladder. 

EXAMPLES. XXXVin. 

Find the number of foot-poundals and of foot-pounds done by the 
weights of the following. 

1. 56 lbs. in descending 40 feet. 

2. A man of 10 stone in descending 100 feet. 

3. A block of stone of 10 tons in descending 500 feet. 

4. A man of 12 stone in ascending a tower 200 ft. high. 

5. A train of 300 tons in descending an incline of i in 50, one mile 
in length. 

6. A waggon and horses of 3 tons in descending a hill, whose 
mclination is i in 30, for a distance of aoo -yaids. 
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7. Compare the work done in i hour against gravity (i) by a man 
•who lifts 28 lbs. a height of 3 ft. every minute, (ii) by a man of 10 stone 
-who walks up an incline of i in 6 at die rate of 4 miles an hour. 

8. Find the work done against friction in moving a ton 100 feet 
along a rough horizontal plane the horizontal resistance of the friction 
being -^ of the weight. 

9. Find the number of foot-pounds per second required to draw a 
cart of 1 ton along a horizonal plane uniformly at the rate of 5 miles 
an hour, the resistance due to friction etc. being 1^ of the weight. 

10. Find the greatest uniform velocity with which an engine 
capable of producing 140,000 foot-pounds of work per second, can 
draw a train of 100 tons along a horizontal plane, the resistance due to 
friction etc. being ^ of the weight. 

11. An engine is drawing a train of 120 tons up a smooth inclined 
plane of i in 60 at the rate of 24 miles an hour ; how much work is it 
doing per second (friction to be neglected) ? 

12. Supposing the resistance due to friction etc. in Question H 
to be equivalent to the weight of 11 20 lbs. and to act opposite to the 
direction of motion, find at what rate the engine could draw the same 
train up an incline of i in 60, doing the same amount of work per second 
as before. 

13. Supposing the resistance due to friction in Question 12 to be 
•yjjyth of the pressure of the train on the inclined plane, find at what 
rate the engine could draw the train up the inclined plane with the 
same expenditure of work per second. 

14. Supposing that a man of 12 stone in walking raises his whole 
weight a vertical distance of i inch at every step, and that the length of 
each step is 2J feet, find how much work the man does in this way in 
walking i mile. 

15. Compare the work done by the man in Question 14 with that 
done by another man of 12 stone going a mile with uniform speed on 
a bicycle weighing J cwt., the resistance due to friction etc. of the bicycle 
t)eing T^ of the weight. 
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ENERGY. 

170. DEF. Energy is capacity for doing work. 

There are many different forms of energy, of which two 
chiefly concern us in Dynamics ; viz. Potential Energy and 
Kinetic Energy, 

171. DEF. Potential energy is capacity for doing 
work which a mass has by virtue of its position, 

A spring when bent^ has energy by reason of its position 5 ifor it can 
do work when changing that position. 

Air when compressed can do work on being allowed to expand. 

A mass at the top of a tower can do work in its descent to a lower 
level. 

Example, Find the difference between the Potential Energy of i cwt. 
at the top of a tower 100 ft. high, and that of 1 cwt. at the foot of the 
tower. 

In descending from the top of the tower to the bottom, the weight of 
the I cwt. does 100 x 112 foot-pounds; 

Hence, i cwt. at the top of a tower 100 ft. high, has 100 x 112 foot- 
pounds more Potential Energy than i cwt. at the foot of the tower. 

172. DEF. Kinetic energy is the capacity for doing 
work which a mass has by virtue of its mass-velocity. 

A bullet when in motion can do work in giving up its velocity. 
Water when in motion can do work in turning a water wheel. 
The mass of a hammer can do work by virtue of its velocity. 

The kinetic energy of a particle having a given velocity 
is measured by the number of foot-poundals it does in giving 
up that velocity. 
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173. PROP. Prove that the difference between the 
energy of m lbs. having v velos, and that of m lbs. having u 
velos, is (^mz^ - i^u') foot-poundals. 

Let a force of / poundals be applied to the m lbs. so 
that in / seconds its velocity is reduced from v velos to 
u velos; also suppose that in that interval the mass has 
a retardation a and passes over s feet in the direction 
opposite to the force; then, by Art. 26. iii, 

or, mas = \mz^ -^mu' ; 

but ma is the number of poundals required to produce in 
m lbs. acceleration a ; so that ma =/. 

Therefore ps = ^mv' - \mt^. 

But ps is the number of foot-poundals done by 
p poundals which acts on a mass while it passes over 
s feet in its own direction. That is to say, the mass m lbs. 
having velocity v can do {^mi^ - \mt^) foot-poundals 
while its velocity is reduced from v to u, q.e.d. Hence 

174. The kinetic energy of a particle of wlbs. which 
has V velos is ^mif foot-poundals. 

For the mass can do \mi^ foot-poundals against a force before it is 
reduced to rest. 

Also, if kmv^ foot-poundals of work are done on a particle of 
mass m lbs. at rest, it will have v velos. 

Example. Find the work done by the engine of a train 0/120 tons, 
moving the train a mile from rest and at the same time giving it a speed 
of 30 miles per hour ; the motion being on a horizontal line and the 
resistance due to friction -^ of the weight of the train. 

The work done against friction is 

(Tir X 2240 X 120) X (1760 X 3) foot-pounds, 
= 1 120 X 1760 X 3 foot-pounds. 
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The work done on the inertia, in producing kinetic energy, 
is i X 120 X 2240 X (44)^ foot-poundals [Art. 173.] 

=;^xJxr2ox 2240 X (44)* foot-pounds. 
Hence, the whole work done by the engine is 

(1120X30X 176 + 1120x30x2 X 121) foot-pounds 
= 1 120 X 30 X 418 foot-pounds. 

EXAMPLES. XXXIX. 

Find the kinetic energy of each of the six following ; 

1. A stone of 4 lbs. which has 200 velos. 

2. A cannon shot of 8 cwt. which has 2000 velos. 

3. A cannon shot of 12 cwt. which has 1600 velos. 

4. A train of 400 tons going at the rate of 60 miles an hour. 

5. A man of 12 stone running at the rate of 12 miles an hour. 

6. A man of 12 stone after falling a distance of 10 feet. 

7. Find the work done by the engine of a train of 360 tons, 
in going 2 miles from rest on horizontal rails, the friction being ^^ of 
the weight, and the speed attained 45 miles per hour. 

8. Find the work necessary to raise a train of 100 tons to the top 
of a mountain pass 500 feet high and at the same time to give it a 
velocity of 60 miles an hour (neglecting friction etc.). 

9. A man has to raise i cwt. of bricks 8 feet ; he throws them up 
so that they arrive at a point 8 ft. high with 5 velos ; compare the 
superfluous work done with the necessary work. 

10. A tram car of i ton is stopped by a brake 10 times in going a 
mile ; the brake stops the car in 1 1 yards ; after each stoppage the 
car attains a velocity of 7J miles an hour. Supposing the friction of 
the rails to be a uniform force of 28 lbs. weight, compare the work 
done in this journey with the work done in going a mile with uniform 
velocity. 

11. The expense of moving a train is proportional to the work 
done. Compare the cost of getting the speed of a train up from rest to 
a velocity of 45 miles an hour and at the same time going i mile, with 
the cost of moving it a mile with uniform velocity ; supposing that the 
resistance caused by friction etc. to be tttt o^ the weight of the train.' 

12. Suppose the tram-car in Question 9 had no brake, and so had 
to be stopped by the horses ; find how much more work the horses 
would have to do in consequence in a journey which includes 10 
stoppages. 
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175. When a particle slides along 2^ smooth plane the 
pressure of the plane, whatever it is, is always perpendicular 
to the plane, and therefore perpendicular to the path of the ' 
particle ; the distance through which the pressure works is 
therefore zero ; hence 

176. The pressure of a smooth plane on a particle 
moving along its surface does no work on the particle. 

Example, When a particle slides down a smooth inclined plane 
under the action of gravity only^ its total energy is unchanged. 

By Example i. p. 91, a particle of m lbs. sliding down an inclined 
plane of angle a has ^ sin a celos. 

Let h feet be the vertical distance passed over by the particle in any 
interval / seconds during which the velocity of the particle is changed 
from u velos to v velos. 

Then the particle has lost mgh foot-poundals of potential energy 
and gained {\mi^-\mt^) foot-poundals of kinetic energy; we have 
to prove that these amounts of work are equal. 

Let s feet be the distance passed over on the plane, 

then j(^sina) = iz^-i«', 

but ^=^sina. 

Therefore hg=\i^-iu^, Q. e. d. 

177. The sum of the potential energy and of the 
kinetic energy of a particle is unaltered by any motion 
under the action of gravity only. 

Example i. Let m lbs. fall from rest h feet vertically. Then the 
potential energy is diminished by mh foot-pounds. 

It receives z/ velos, where mgh = \mi^\ so that it has received kinetic 
energy capable of doing mgh foot-poundals, that is, mh foot-pounds; in 
other words, the potential energy lost is equal to the kinetic energy gained. 

Example ii. Since the velocity of a projectile is equal to that due to a 
fall from the directrix, it follows that (the kinetic energy -f the potential 
energy) of a projectile is always equal to the potential energy of an equal 
particle at rest at some point on the directrix. 



I40 DYNAMICS. 

178. When a particle slides along a curved Bur&ce 

which is smooth^ it is understood that the pressure of the 
surface on the particle is always perpendicular to the 
surface, and therefore this pressure is always perpendicular 
to the path of the particle. 

The distance through which the pressure works is 
therefore always zero; so that the work done by the 
pressure is zero ; hence, 

179. When a particle is sliding on a smooth surface under 
the action of no forces its kinetic energy is constant ; that is, its 
speed is constant, 

*i8o. We may also prove this important proposition 
as follows: [See also Ex. 21j P» i44'] 

PROP. An inelastic particle slides along the smooth sides 
of a regular polygon ; prove that, in the limit when the polygon 
becomes a circle, the impacts at the angular points have no 
effect on its speed. 

Let AB, BCh^ two of the sides of the regular polygon. 
Produce AB to K, 

Let the velocity along AB be v velos. 

Resolve this velocity along and perpendicular to BC] 
the resolved parts are v cos a velos and v sin a velos. 

The resolved part v sin a velos is destroyed by the impact. 

Hence after impact the particle will have v cos a velos 
along BC, 

Similarly after the next impact it will have (p cos a) cos a 
velos along the next side and so on. 

Hence, when the velocity of the particle is turned through 
a finite angle A, where na = A, it will have v cos"a velos, 

that is V (cos —J velos. 
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Now let n be increased and a diminished without limit so 

that A is kept unchanged ; then the limit of [cos — ) is i.t 

Hence, when the polygon becomes a circle, v (cos a)" = v. 
So that the speed of the particle is unchanged, when its 
direction has turned through a finite angle A, q. e. d. 

*i8i. Since the above proposition is true of a circle of 
any radius, and of an arc of any magnitude, it must be 
true for any continuous curve. 

For such a curve may be considered to be made up of successive 
small arcs of its successive circles of curvature. 

182. When a particle slides on a smooth continuously 
curved surface, under the action of gravity only, its total 
energy is constant. 

For, the only forces acting are the pressure of the surface and the 
weight of the particle ; and the pressure of the surface does not alter 
the kinetic energy of the particle, while the weight of the particle 
produces its own effect, no matter what other forces may be acting. 
The effect of the weight is expressed by saying that the total energy 
of the particle is constant. 

Example i. A smooth fine wire, in the form of a circle of radius 
r^,is placed in a vertical position, and a particle in the form of a small 
ring slides on it under the cution of gravity. The ring has u velos 
when at the highest point of the circle; find its velocity at the lowest 
point. 

Let the ring contain m lbs. 

In going from the highest point to the lowest it loses 

2 rmg foot-poundals of potential energy. 

Let its velocity at the lowest point be v velos; it will therefore 
have gained (i miP^ - \ mti^) foot-poundals 

of kinetic energy. 

But on the whole, its energy is unchanged. 

Therefore, 2 rmg= (i mv^ - ^mu^), 

or, i mz/^ = i mu^ + 2 rmg. 

t Lock's Higher Trigonometry, Art. 9. 
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Example ii. A stone is fastened by a light inextensibU string i foot 
long, to a fixed pointy and is describing a vertical circle about the fixed 
point as centre, under the action of gravity ; find the least possible 
velocity at the lowest point of the circle. 

The constraint of the string is similar to that of a smooth drcular 
wire ; for the tension of the string, being always perpendicular to the 
direction of motion, does no work; hence, by Art. 179, the total energy 
of the stone is constant. 

Therefore, if v velos be the velocity of the stone at the lowfest point of 
the circle, u velos its velocity at a point on the circle whose vertical 
distance above the lowest point is h feet, then 

mgh = (i mv^ - imu^) 

or, i z^-i u*=gh (i). 

Now, in order that the stone may completely describe the circle, the 
tension of the string (which is least at the highest point) must just vanish 
at that highest point. 

Let u velos be the velocity of the particle at the highest point, 

then its acceleration is 

u^ 

— celos vertically downwards. 

The only force acting when the stone is at the highest point of the circle, 
is the weight, mg poundals vertically downwards ; for the only other 
force available is the tension of the string, which at this moment is zero. 



Hence, ^g= 



mu^ 



r 
= mu^[{oi r=i] (ii). 

Therefore, since v is the velocity at the lowest point of the circle, 
putting A = 2 ft. in (i) and combining with (ii), we have 

v^=u^ + 4^=g+4^=Sg' 
Hence, the least velocity at the highest point is about 4\/2 velos, and 
the corresponding velocity at the lowest point about 4\/io velos. 

NOTE. The unit of work in the c.G. s. system of units 
[see page 65] is the work done by a Dyne working through 
a Centimetre. 

This unit work is called an Erg. 
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EXAMPLES. XL. 

1. A particle is describing a parabola under the action of gravity, 
prove that its total energy is constant. 

2. A heavy particle slides down a smooth straight tube from rest 
and tiien describes a parabold; find its velocity when it is loo feet below 
the point from which it started. 

3. A perfectly elastic particle is let fall on a horizontal pavement, 
and rebounds ; prove that the total energy of the particle is constant. 

4. Two perfectly elastic spheres impinge directly, prove that their 
total energy before and after impact is the same. 

5. Two perfectly elastic spheres impinge obliquely, prove that 
their total energy is unaltered by the impact. 

6. An imperfectly elastic particle falls on a horizontal plane and 
rebounds; shew that it loses energy by the impact. 

7. Two imperfectly elastic balls m and m\ of elasticity e and 
velocities u velos, i/ velos impinge directly; find the energy lost by 
impact 

8. A multitude of small perfectly elastic spheres are in motion in a 
closed space surrounded by fixed walls, under the action of no force ; 
prove that the total kinetic energy of the spheres is constant. 

9. If the spheres in Question 8 are under the action of gravity, 
shew that their total energy is constant. 

NOTE. A simple pendulum consists of a heavy particle fasten^ 
to a fixed point by a light rod ; the particle moves in the lowest arc of a 
vertical circle under the action of gravity. 

10. A simple pendulum of length I feet swings through an arc 4a, 
prove that its velocity at the lowest point of its path is 2 sin o \/ (gt) 
velos. 

11. A circular wheel, whose rim consists of a heavy uniform wire of 
m lbs. and whose spokes, (of length r feet), and axle are such that their 
mass may be neglected, revolves about its axis, which is fixed, so as to 
make n complete revolutions per second ; shew that the kinetic energy 
of the wheel is imn^it^r^ foot poundals. 

12. A fine light string is coiled round the wheel of Question H, 
one end being fastened to the rim and the other end supporting 
a heavy mass m' lbs. This mass descends from rest under the action 
of gravity, causing the wheel to turn as it descends; prove that when 
m! has descended h feet from rest its velocity is 

2m' gh 



-J 



pi + m' 



velos. 
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13. Two masses m lbs., fn* lbs. are fastened to the ends of a light 
string, one of them m is placed on the slant side of a smooth inclined 
plane of inclination a, and the other m' hangs freely suspended mider the 
action of gravity by the string which passes over the topmost point of 
the plane; the masses are moving with uniform velocity; prove that 

14. A rifle ball moving with 2000 velos has its velocity reduced by 
200 velos in passing through a plank ; how many such planks would it 
penetrate, assuming the same amount of work to be performed in over- 
coming the resistance of each plank. 

Is. Prove that a foot poundal is 421,394 ergs. 

16. A particle, in the form of a ring, slides on a smooth fixed 
curved wire under the action of gravity ; shew that the velocity of the 
ring at any instant is equal to that due to a fall from a certain horizontal 
plane to its position at that instant. 

17. Assuming that the energy of a projectile is constant, prove 
that its velocity at any instant is equal to that due to a fall from a 
certain horizontal line to its position at that instant. 

. 18. A simple pendulum of length / feet just describes a complete 
revolution ; prove that the tensions of the rod in its two vertical positions 
are in the ratio of i to 5. 

19. Shew that when a simple pendulum just describes a complete 
revolution the tension of the rod vanishes at a certain instant; deter- 
mine the position of the rod at that instant. 

20. The velocity which a simple pendulum of length / feet must 
have at its lowest point that, when it reaches its highest point the rod 
may have no tension, is \/(5^^) velos. 

21. A regular polygon is made of some rigid material \ A,ByC,D... 
are the middle points of the sides ; a smooth perfectly elastic particle 
under the action of no forces moves along AB with velocity v velos, 
and impinges at B on that side of the polygon whose middle point is B. 

Prove that the particle will proceed to describe the polygon A, B, 
C, D... with uniform speed v velos. 

Now suppose the polygon to have an infinite number of sides, the 
length of each side being infinitely small ; then it follows that the polygon 
A, By C, D... coincides with the material polygon; and we have an 
independent proof of Art. 180. 



CHAPTER XVI. 



POWER. 

183. We use the word 'agent' to denote a machine 
which transforms some stored up chemical or other energy 
into work. 

Examples. A nairvy transforms the chemical energy of his food 
into work when he raises an embankment. 

A steam-engine transforms the energy stored in coal into work when 
it does work on a train. 

A windmill transforms the kinetic energy of the air into work when 
it pumps up water, etc. 

184. DEF. The power of an agent varies as the 
amount of work which the agent can do in a unit of time. 

The unit power is the power of an agent which can do 
I foot-poundal per second. 

Hence the measure of the power of an agent is the number of 
foot-poundals it can do per second. 

« 

185. A Horse-power is the power of an agent which 
can do 550 foot-pounds per second ; 

that is, 550 X ^ foot-poundals per second. 

Example i. At what uniform speed can a horse of i horse-power 
draw a tram-car of i ton, supposing the friction etc, to cause a uniform 
resistance of 50 lbs. weight ? 

Suppose the required speed to be v velos. 
Then the tram passes over v feet per second. 
Therefore the horse does z/ x 50 foot pounds per second. 
He can do 550 foot pounds per second. 
Hence 2/= 11. 

That is, he can draw the car at the rate of 1 1 velos ; 
or, at the rate ofTjmUesperhour. 

L, D. ^^ 
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Example ii. At what uniform speed can a man of ^ horse-power, 
draw I ton up a smooth inclined plane of 1 in 10 ? 

The sme of the angle of inclination is A-* 

Therefore the force necessary to move the ton up the plane is ^ of 
a ton weight ; or, 224 lbs. weight. • 

[Now it is very unHkely that the man can exert such a force, un- 
aided. 

To do so, he must make use of a wheel and axle, or some such 
mechanical contrivance, which by multiplying the distance through 
which the muscular force of the man works, divides by the same 
number the force which must be exerted.] 

Let the velocity required be v velos, 

then, t'x 224 = 55, 

or, z/=^^= J (very nearly). 

That is, he can (by the aid of a machine) draw the ton up the plane 
at the rate of about 15 feet per minute. 



EXAMPLES. XLI. 

1. What must be the power of an engine that can keep a train of 
100 tons going at the rate of 60 miles ah hour on horizontal rails when 
the friction is equivalent to a horizontal resistance of ^ of the weight 
of the train? 

2. At what rate could the engine of Question 1 draw the same 
train up an incline of i in 50, the resistance of hiction etc. being un- 
altered ? 

3. Suppose the same train (Questions 1 and 2) to be on a horizontal 
plane, what velocity could the engine attain from rest in 100 yards? 

4. Supposing the same train to be descending an incline of i in 50, 
what velocity could the engine give the train from rest in 100 yds. ? 

5. A horse can draw a cart of i ton at the rate of 4 miles an hour; 
supposing that his power is 1 horse-power, find the resistance of friction. 

6. What speed from rest could the horse in Question 5 give to 
the cart in 100 yds.? 

7. What must be the power of an engine which can raise loco 
gallons of water per minute a height of 20 feet, delivering it by means of 
a uniform pipe of which a linear foot contains i gallon ? 

8. A man throws a brick of 7 lbs. a height of 8 feet once in a 
second ; at what rate is he working ? 



CHAPTER XVII. 



ENERGY IS INDESTRUCTIBLE, 



1 86. When a machine does work it receives a supply 
of some kind of energy which it transforms into mechanical 
work. 

A man who raises weights receives a supply of energy by the 
chemical combustion of the food which he eats. 

187. A machine which has no energy supplied to it 
cannot do work ; it can only transmit work. 

A S3rstem of pulleys used in raising weights transmits the work given 
to it by what is termed, by many writers on Statics, Hhe power^ \ this 
work is transmitted to what is called '•the wetghW 

It will be found that (when the kinetic energy is unchanged and 
friction is neglected) the work done by '•the power'' is always equal to 
the work done on 'the weight » 

For example, if the weight is 16 times the power, the power will 
have to pass over a distance of 16 feet in raising the weight i foot. 

188. No machine however can be made in which the 
resistance oi friction is entirely excluded ; so that no machine 
can transmit the whole of the work put into it. 

This friction, which absorbs work, uses the work it 
absorbs in heating the parts of the machine ; it changes 
some of the work put into the machine into another form of 
energy which we call heat> 
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189. Energy is indestructible j therefore energy cannot 
be produced out of nothing ; for that which can be produced 
can be destroyed. 

One form of energy can be obtained- from another; but 

it can be obtained in no other way. 

A steam engine does work ; it is supplied with the energy of heat 
obtained from the combustion of coal; in which coal is stored the 
energy radiated from the sun countless years ago. 

190. Mechanical work involves the moving of the 
surface of one mass over that of another. This motion 
invariably sets up friction which absorbs energy, converting 
it into heat. Heat tends to diffuse itself in all directions. 
And since heat can only be converted into mechanical 
energy when the heat is highly concentrated, it follows that 
the energy absorbed by friction is dissipated in such a way 
that it is lost for all practical purposes. 

191. Hence, notwithstanding that energy is indestruc- 
tible, yet kinetic energy is continually being eaten away, as 
it were, by friction and converted into the unserviceable 
form of uniformly diffused heat. 

For example, it is proved in Art. 133 that the kinetic energy of two 
masses is diminished by their mutual impact. The reason of this loss 
of kinetic energy is that during an impact the particles of the masses in 
the neighbourhood of the point of impact are first compressed and then 
recover more or less their original position. This compression and 
recovery generates heat; accordingly the kinetic energy of the two 
masses is diminished by the amount of energy taken up by the heat 
generated. 

192. Heat is itself the kinetic energy of the minute 
particles of a substance. 

Oas consists of minute invisible particles of matter ; these particles 

are in motion ; they impinge repeatedly and ceaselessly on one another. 

They are perfectly elastic (possibly because they are too small to be 

'le of compression) ; consequently by Art. 133 the joint energy of 

articles is unaltered by theit impact. 
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The quantity of heat contained in a certain amount of gas is the 
kinetic energy of all its particles. This energy (if none be allowed to 
pass away from the gas) continues unaltered because the particles of the 
gas are perfectly elastic. 

193. The main principle which it is the object of 

Dynamics to explain and establish may be summed up in 

the words 

Energy is indestructible. 

* The discussion of the various forms of energy — ^gravi- 
*tational, electro-magnetic, molecular, thermal &c. — ^with 

* the conditions of the transference of energy from one form 
*to another, and the constant dissipation of the energy 
'available for producing work, constitutes the whole of 

* physical science, — in so far as it has been developed in 
*the d)mamical form, — under the various designations of 

* Astronomy, Electricity, Magnetism, Optics, Theory of the 

* Physical states of bodies, Thermo-dynamics and Chemistry.' 
Professor Maxwell's Matter and Motion, p. 95. 



EXAMINATION PAPERS. 

I. Cambridge Previous Examination. Part III. 
[Additional Subjects.] October^ 1886. 

(Questions 1 and 2 Trigonometry.) 

3. Explain what is meant by uniform acceleration. 

A stone is thrown vertically upwards with a velocity of 56 feet per. 
second. After what times will its velocity be 12 feet per second ? 

4. A particle starts from rest and moves for / seconds with an 
acceleration / feet per second per second. Prove that the space de- 
scribed is \ffi feet. 

Find the space described by a falling stone in the eleventh second 
of its fall. 

6, A railway train moving with velocity 48 miles an hour has its 
velocity reduced to 16 miles an hour in five minutes. Find the space 
passed over in the interval, the retardation being assumed to be 
uniform. 

6, Enunciate and illustrate Newton's first and second laws of 
motion. 

A certain force acting on a particle of mass M produces an accelera- 
tion /. Shew that, if suitable units be chosen, Mfrnzy be taken as the 
measure of the force. 

7, A bullet is projected at an inclination d to the horizon (cos ^= |) 
with a velocity of 1200 feet per second. Find the greatest height it 
attains and its range on a horizontal plane through the starting point. 

8, Find the time that a particle takes to slide from rest down 
a smooth plane of length a which is inclined at an angle a to the 
horizon. 

Shew that the times of descent of a particle down all chords drawn 
through the highest point of a vertical circle are equal. 
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II. Cambridge Previous Examination, Part III. 

[Additional Subjects.] October^ 1886. 

(Questions 1 and 2 Trigonometry.) 

3. Explain what is meant by saying that the acceleration of a fall- 
ing stone is g feet per second per second. 

A stone is thrown vertically upwards with a velocity of 48 feet per 
second. After what times will its velocity be 16 feet per second? 

4. Shew that a particle which moves from rest with an acceleration 
a describes a space \af^\nt units of time. 

A stone takes 12 seconds to fall to the groimd. Find the space 
described in the last second. 

5. A railway train moving with a velocity of 32 miles an hour has 
its velocity reduced to 8 miles an hour in 5 minutes. Find the space 
passed over in the interval, the retardation being assumed to be uniform. 

6. Enunciate and illustrate Newton's second and third laws of 
motion. 

A force F acting on a certain mass produces an acceleration a. 

Shew that, if suitable units be chosen, - may be taken as the measure 

a 

of the mass. 

7. A bullet is projected with a velocity 1400 feet per second at an 
inclination 6 to the horizon (cos^=i). Find the greatest height it 
attains and its range on a horizontal plane through the starting point. 

8. Find the space described and the velocity acquired in / seconds 
by a particle sliding from rest down a smooth plane inclined at an 
angle a to the horizon. 

Shew that the times of descent of a particle down all chords drawn 
through the lowest point of a vertical circle are equal. 

III. Cambridge Previous Examination. Part III. 
[Additional Subjects.] December 11, 1886. 

Question 1, Trigonometry, 

2. How is acceleration measured when variable ? 
Prove the formula for uniform acceleration T^^^ifs. 

3. Enunciate and prove the Parallelogram of Velocities, 

A stone is dropped from a height of 4 feet above the floor of a 
railway carriage by a person in the carriage. Find its velocity on 
striking the floor if the train is travelling at 15 miles an hour. 
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4. A ball is thrown vertically upwards with velocity gy and one 
second later another ball is thrown up from the same point with 
velocity 2g, When and where will it strike the first ball ? 

5. Shew from the second law of motion that if a body be £u:ted 
upon by a given force the acceleration produced varies inversely as the 
mass of the body. 

The forces acting upon a train have a resultant in the direction 
of motion equal to the weight of 1155 lbs. Find the mass of the train 
if it acquires a velocity of 60 miles an hour from rest in 8 minutes. 

6. Find the time of sliding from rest down a length aoi 3, smooth 
plane inclined at an angle a to the horizon. 

If the times of sliding from rest at A down two straight lines AB^ 
AC are proportional to their lengths, shew that BC is horizontaL 

7t Masses M and m hang at the ends of a string which passes over 
a smooth pulley. Find the acceleration* 

If M strike the ground one second after the commencement of the 
motion, how much longer will it be before m first comes to rest ? 

8, Prove that the greatest height attained by a projectile above 

the horizontal plane through the point of projection is equal to — , 

where z; is the vertical component of the velocity of projection. 

If the greatest height is equal to the range, find the tangent of the 
angle of projection. 

IV. Cambridge Previous Examination. Part III. 
[Additional Subjects.] Decevtber 11, 1886. 

Question 1, Trigonometry. 

2. How is velocity measured when variable ? 
Prove the formula for uniform acceleration is=.vt, 

3. Shew how to find the relative velocity of two particles whose 
velocities are given in magnitude and direction. 

Shew that if two particles are projected in any manner under the 
action of gravity their relative velocity is constant throughout the 
motion. 

4. A ball is thrown vertically upwards with velocity g, and one 
second later another ball is thrown up from the same point with 
velocity 3^. When and where will it strike the first ball ? 
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5. Shew from the second law of motion that the acceleration 
produced by a force acting upon a given mass is proportional to the 
force. 

The forces acting upon a train whose mass is too tons have a 
resultant in the direction of motion equal to the weight of looo lbs. 
In what time will it acquire from rest a velocity of 60 miles an hour? 

6. Find the velocity acquired in sliding from rest down a length a 
of a smooth plane inclined at an angle a to the horizon. 

If BC be horizontal, prove that the times of sliding down any two 
straight lines AB, AC from rest at A are proportional to their lengths. 

7. Masses J/ and m hang at the ends of a string which passes over 
a smooth pulley. Find the tension of the string when motion takes 
place. 

If J/ strike the ground one second after the commencement of the 
motion, find the distance of m from the ground when it first comes 
to rest, M and m being originally at the same level. 

8. Prove that the range of a projectile on a horizontal plane is 

equal to — ^ where «, v are the horizontal and vertical components of 

the velocity of projection. 

If the greatest height attained be 36 feet, prove that v is equal 
1048. 

V. First M.B. Examination. Cambridge, Juncy 1886. 

1, Define the terms velocity^ momentum, (uceleration, force, and 
state the relation between the force producing motion in a body and the 
motion produced. 

A body falling freely acquires at the end of one second a velocity of 
32 feet per second. Masses of i and 3 lbs. hang from the two ends of 
a fine string suspended over a smooth pulley. At what rate will they 
be moving at the end of one second after they are set free? 

2, Two heavy bodies are dropped at the same time, one fi-om 
a height of 25 and the other from a height of 50 feet, find the height 
and velocity of the second when the first touches the ground. 

3, What do you understand by work and energy? How much 
energy has a mass weighing i cwt. and moving at the rate of 100 yards 
per second ? 

In what units is your answer expressed ? 
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4. Explain carefully how to find the resultant of two forces acting 
at a point. 

A body weighing 4 lb. at rest on a smooth table is acted upon 
by forces of 3 and 4 lb. weight in directions oblique to the table and at 
right angles to each other. Shew by a diagram how to find the direc* 
tions of the forces. 

5. What do you understand by the mechanic advantage of a 
machine ? 

In a certain system of pulleys it is found that the power descends 
I foot, while the weight rises i inch. What power will be required to 
raise a weight of i cwt.? 

VI. Oxford and Cambridge School Examination 
FOR Higher Certificates, 1879. 

7. Define uniformly accelerated motion. 

Shew what must be the ratio of the height to the length of a smooth 
inclined plane in order that a body may be four times as long in sliding 
down the plane as it would be in falling freely down the height of the 
plane, starting from rest in each case. 

8. Prove the formula, v^=u^-'r2/s. 

A body after moving from rest a distance s down a smooth plane of 
inclination a comes to a plane at a less inclination j3 : find the impulse 
which must be given to it in order that it may begin to move down the 
second plane with the same velocity as it had when it came to the 
bottom of the first plane. 

Prove also that as great a force will be required to stop it when it 
reaches the bottom of the second plane as if it had fallen freely from its 
starting point through the same height. 

9. Two men, of weights Wi, w^ respectively, start from the same 
point and walk at uniform rates in directions at right angles to each 
other : shew that the motion of their centre of gravity is uniform. If 
the rates at which the men walk are inversely as the square roots of 
their weights, prove that the rate of motion of their centre of gravity 



vrXl bear to the rate of the first walker the ratio ^ / — - — 






10. Prove that the velocity at any point in the path of a projectile 
is that due to falling from the directrix to that point. 



t 
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A perfectly elastic ball is dropped from the top of a tower of height 
^, and when it has fallen half-way to the ground it strikes a rigid 
\ projecting stone inclined at 45® to the horizon : determine where it will 
reach the ground. 

11. Given unequal weights Wn Wg hang by the same string over a 
\ smooth puUy : find the tension of the string at any time during their 
t motion. 

i If after acquiring a certain velocity v the lighter weight catches up 

\ another weight sufficient to make it equal in weight to the heavier, 

determine the tension of the string at the instant, and the loss of vis viva, 

supposing the whole inelastic. 

VII. Oxford and Cambridge Schools Examination for 

Higher Certificates 1885. 

7. State and prove the parallelogram of velocities. 

From the window of a train which is moving at the rate of 60 miles 
an hour, a stone, thrown at right angles to the train with a velocity of 
66 feet a second, hits a tree which is 90 ft. from the train at the time it 
is struck. How far was the window from the tree when the stone was 
thrown ? 

8. Define acceleration ; explain what is meant by inertia. 

* The number of units of weight in any particle is equal to 32*2 x the 
number of the units of mass in the same particle.* Under what circum- 
stances is this statement true ? 

Find the relation between the measure of the weight and of the mass 
of a particle when a mile and a minute are the units of length and of time 
respectively. 

9. Prove that the velocity of a projectile in vacuo under the action 
of gravity at any point in its path is equal to that which a particle would 
have if it fell vertically from the directrix of the parabola to that p<Mnt. 

10. Two weights W-^^ W2 are connected by a string ; one of them 

lf\ lies on a -smooth inclined plane, angle a, the other W^ hangs over 

the lower edge of the plane suspended by the string under the action of 

gravity ; the two weights are in motion in a vertical plane. Find the 

tension of the string. 

Find how far W^ will move from rest in two seconds, when 
H\^i2 lbs., fV^=4 lbs., a = 30". 
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11, Define an impulse. 

Explain what is meant by the coefficient of restitution in impact 
A gun of 40 tons projects a bolt of 2 cwt. Find how far the reoMl 
of the gun will force it up a smooth inclined plane whose angle is 36*, 
if the initial velocity of the bolt when fired is 2000 ft. per second. 



VIII. University of London. B.A. and B.Sc. Pass 

Examinations: 1886. 

4. Shew how two coexistent velocities or accelerations may be 
compounded by the triangle of velocities and accelerations : and give 
illustrations. 

Knowing the direction of the true wind, and the velocity and 
direction of the apparent wind on the ship as shewn by the vane on 
the mast, determine the velocity of the ship, supposing there is no 
lee-way. 

5. Determine what would have to be the numerical value of gy 
the acceleration of gravity, in order that a body starting from rest 
should fall 10,000 feet in 10 seconds. 

When ^=32, determine — 

(i) The distance fallen from rest in 10 seconds ; 
(ii) The time of falling 10,000 feet ; 

(iii) The initial vertical velocity in order that the body should 
fall 10,000 feet in to seconds. 

6. Prove that a train going 45 miles an hour will be brought to 
rest in about 378 yards by the brakes, supposing them to press with 
two-thirds of the weight on the wheels of the engine and brake-vans, 
which are half the weight of the train ; and supposing a coefficient of 
friction •i8. 

7. Prove that an engine capable of exerting a uniform pull of 
3 tons can take a train of 120 tons on the level from rest at one station 
to stop at the next station two miles off in about 3 minutes 38J seconds, 
the speed being kept uniform when it has reached 45 miles an hour, 
and the brakes being applied as in the last question in order to stop. 

(Neglect passive resistances, and take ^=32.) 

8. Prove that a piece of mud thrown from the top of a hansom cab 
wheel of diameter d feet, the cab moving with velocity v feet per 
second, will when it strikes the ground • be at a distance ^sjd in front 
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of the position then occupied by the point of contact of the wheel with 
the ground. 

Prove that the velocity v must exceed ^\/d for the piece of mud to 
clear the wheel. 

9. Determine the horse-power transmitted by a belt moving with a 
velocity of 600 feet a minute, passing round two pulleys, supposing the 
difiference of tension of the two parts is 1650 lbs. 

10. A pile is driven a feet vertically into the ground by n blows of 
a steam-hammer fastened to the head of the pile. 

Prove that, if p is the mean pressure of the steam in lbs. per 

sq. inch, d the diameter of the piston in inches, / the length of the 

stroke in feet, w the weight in lbs. of the moving parts of the hammer, 

and W the weight of the pile and the fixed parts of the steam-hammer 

attached to it ; then the mean resistance of the ground in lbs; is 

nw f 1 ,0 A / 
Ttt; — ( w + lird^p ] -. 
W+w \ * ^ J a 

IX. Examinations for Scholarships at St John's College.. 

December i 1885. 

9. Enunciate and prove the parallelogram of velocities. 

A number of soldiers are marching with shouldered rifles in a 
shower of rain which falls vertically. Having given the velocity of 
the rain-drops and the rate of marching, find what must be the least 
inclination of the rifles to the vertical in order that no rain may enter 
the barrels. 

10, Define acceleration, and explain how it is measured. 
Taking 32 as the measure of the acceleration of a body falling under 

the action of gravity when a foot and a second are units of length and 
time, find its measure when the units are a mile and two minutes forty- 
five seconds. 

If the acceleration of a falling body be taken as the unit of accelera- 
tion, and if the unit of velocity be the velocity it acquires in four seconds, 
find the units of length and time. 

13. A ball moving with velocity v impinges directly on a ball 
at rest; this ball moves with the velocity communicated, and after 
a direct rebound from a wall comes again into collision with the 
first ball. Find the ratio of the masses if the first ball be reduced 
to rest. 
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15. Define the terms potential energy of a system and kinetic energf 
^fa system, and find an expression for the potential energy of an elastic 
string when extended beyond its natural length. 

Two equal particles on a smooth horizontal plane are connected by 
an elastic string. If the particles be drawn apart until the length of the 
string is double its natural length and then let go, find the greatest velo- 
city acquired by the particles. 

16. Find the direction and magnitude of the acceleration of a point 
which describes with given uniform velocity a circle of given radius. 

If the particles in question 15, when drawn apart to a given dis- 
tance, be projected with equal velocities in opposite directions at rigjit 
angles to the string, find the velocity of projection in order that the 
particles may each move uniformly in the same circle. Prove that the 
velocities requisite for circular motion when the lengths of the string 
are respectively double and quadruple its natural length are in the 

ratio of i : \/6 • 

X. Entrance Scholarship Examination. Gonville and 
Caius College. December, 1885. 

8. Define the acceleration of a moving point and state how many 
-quantities are necessary to specify it. 

The Moon's distance from the Earth is about 239,000 miles and she 
revolves once round the Earth in about 27 J days. Find her accelera- 
tion relatively to the Earth with feet and seconds as units. 

9, Shew that Newton's Second Law provides a direct method of 
comparing the magnitudes of two forces. A wedge mass M and angle 
a is placed on a smooth horizontal plane, and a particle mass m is 
placed on the wedge. Shew that the acceleration of the particle with 

respect to the wedge is 

M-^ m 

rsma -rz r— 7- . 

M\m^\Xi^a. 

10. A particle is projected with given velocity under the action of 
^avity from a point P so as to pass through a point Q\ shew that 
if /j, /g are the two possible times of flight 

gt^t^-=^iPQ. 

11, State the experimental law on which the determination of the 
motion of two elastic balls after impact depends, and shew that the 
Kinetic Energy after impact is never greater than that before. 
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Three particles of equal mass are placed at the angular points 
A^ Bt C of an equilateral triangle and A^ B are connected with C by 
equal strings which are just taut. C is projected perpendicularly to- 
wards AB* Find the loss of kinetic energy after A and B are jerked 
into motion. 

12. When does a force do work on a body, and how is the work 
done measured ? 

Apply the methods of energy and conservation of angular momentum 
to the following problem. A particle which can move on a smooth 
horizontal table is attached to a fixed point of the table by an elastic 
nnstretched string of length a, which is such that the weight of the 
particle would stretch it to twice its natural length. Prove that if the 
particle be projected with velocity u perpendicular to the string, its 
■velocity when next moving at right angles to the string will be given by 

1^ + tI^u + vga - uga^o, 

XI. Entrance Scholarship Examination. Gonville and 

Caius College. December^ 1886. 

5. State and exemplify the proposition known as the **parallelo- 
^;ram of velocities." 

ABy CD are two lines, bisecting each other at right angles. Points 
start at the same instant from A^ C and move along AB, CD with 
Uniform velocities. Shew that, the relative velocity of the points being 
given, the time that elapses before they are at their shortest distance 
:apart is proportional to the sum of their speeds. 

6. State the Second Law of Motion; and thence shew that a 
number of forces acting on a material particle may be represented by 
straight lines and follow the same law of composition as velocities. 

OAf OBy OCi etc.... represent an equilibrating system of forces 

acting at a point in a plane, and a transversal meets them in a, bj c, 

•etc.... : shew that 

OA OB OC 

9. Calculate the velocity of the moving weights in Atwood's 
machine in terms of the space described from rest. 

Explain generally how the inertia of the moving wheel will affect 
the result: and calculate its effect supposing its mass wholly concen- 
trated in its rim. 
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10, State the experimental result used in calculating tfaeresoitof 
impact between smooth spheres. 

Shew that the energy interchanged between the particles* if pef» 

iPO 
fectly elastic, is /^ , ^.jj (« -- "") {Pu + Qv) where P, Q are their masses, 

and «, V their velocities along the line of impact. 

11, Explain what is meant by (i) work, (ii) kinetic energy; and 
illustrate your explanation by considering the flight of a projectile. 

A shot weighing 500 lbs. fired from a gun, whose barrel is 10 inches 
in diameter and 22 feet long beyond the powder chamber, recdres 
a muzzle velocity of 2100 feet per second. Assuming that the eneigy 
expended in expelling powder gases, producing rotation of the shot, 
etc. is one third of the energy of translation of the shot on leaving the 
gun, find the mean pressure per square inch in the barrel during 
discharge. 

XII. College Examination. 

Clare College, Gonville and Caius College, King's College. 

yuney 1884. 

1, State Newton's laws of motion and deduce the relation between 
the acceleration of a mass and the force acting on it. 

Two masses m, m' are attached by an inelastic string, m' rests on an 
inclined plane of mass -^ and m hangs vertically over the upper end 
of the plane pressing against the vertical face of the plane. If the 
inclined plane be free to slide parallel to a line of greatest slope along 
a horizontal line, find its acceleration and the pressures between it and 
the particles. 

2, Define the following quantities, explaining how they are 
measured and mentioning their dimensions ; Work, Power, Elinetic 
Energy, Potential Energy, Impulse. Justify the measure you give for 
Kinetic Energy. 

gra^it cannon ball weighing 10,000 grammes, is discharged with a 
if/,, /„ ai( 45 > 000 centimetres per second from a cannon, the length of 
?1 is 200 centimetres, prove that the mean force exerted on 
11 State ^^^ explosion is 5*0625 x 10^® dynes, 
motion of twJcle is projected with a given velocity in a direction 
Kinetic Energj^ngle with a line of greatest slope of an inclined plane 
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ind in the same vertical plane with it ; find the range on the plane and 
iie greatest distance from the plane which the particle attains. 

A particle, whose coefficient of restitution is e^ is projected vertically 
irith velocity u from a point O on a plane inclined at an angle a to the 
borizon; prove that the distance from of the point where the particle 
meets the plane for the {n + i)th time is 

— sm a -i^ -. ^ '-, 

ind prove that the points of the different parabolic paths where their 
langents are parallel to the inclined plane lie on a parabola. 

4i Shew how to determine the velocity and acceleration of the, 
centre of inertia of any given masses, knowing the velocities and 
■ooelerations of each mass ; and prove that the kinetic energy of two 
MMses is equal to the kinetic energy of the two supposed moving with 
fhe velocity of the centre of inertia, and the kinetic energy of each mass 
idatively to the centre of inertia. 

Three masses each equal to m are attached to the extremities and 
middle of a rod without inertia, and of length la* A blow B is 
Ipplied perpendicularly to the rod at a distance x from the middle 
pointy prove that the kinetic energy generated is 

i 6. A particle of mass m revolves in a circle of radius r with angular 
Idocity w, prove that the force is necessarily to the centre and find its 

pMine. 

L Two particles of masses »i, m* lie on a smooth horizontal table 
■jfeiiiected by an inelastic string of length a^ m is projected in the plane 
p right angles to the string, prove that the initial radius of curvature of 



? 



path IS — 7— «• 



\ Xni. College Examination. 

(lark College, Gonville and Caius College, King's College. 

Juney 1885. 

.; 1, Give Newton's three laws of motion and shew from the second 
ygm lihat the measure of a uniform force is the momentum added on per 
igriftoftime. 

i particle (mass m) slides down a smooth wedge (mass My inclina- 

I* D. 'S.Y 



l62 DYNAMICS. 

tion a) which is free to move on a smooth horizontal plane. Prove 
that the path of the particle is a straight line, and assuming the 
principle of energy prove that its vertical acceleration is 

g{M-\- m) tan'a 
M+ (M+ m) tan^a ' 

2. Prove the formula j = «/ + \ffi for rectilinear motion with 
uniform acceleration. 

A cylinder of height h and diameter d is standing on the horizontal 
seat of a railway carriage. If the train begins to move with accele- 
ration y^ prove that the cylinder will not remain undisturbed unless/is 

less than each of the quantities iig and -^ where /* is the coefficient of 

friction. 

3. Prove that the time of sliding down all chords of a vertical 
circle to the lowest point is the same. 

Find the position of a point on the circumference of a vertical 
circle, such that the time of descent from it down the radius to the 
centre and down a chord to the lowest point may be the same. 

4. Explain the theory of Atwood's machine. 

Two weights /'and ^balance on the wheel and axle. Prove that 
if they be interchanged the weight W will after one second be 
descending with a velocity 

W{W - P) 
^ W^- IVP+P^' 
the mass of the axle being neglected. 

5. Prove that the path of a projectile is a parabola ; and that the 
velocity at any point is that which would be acquired by a particle 
falling from the directrix to that point. 

A perfectly elastic particle is let fall from a point P on the upper 

surface of a vertical hoop (centre O) and rebounds from the inner 

surface of the hoop. Prove that after two rebounds it will be moving 

vertically if 

tan = 2 sin 4^, 

where is the angle which OP makes with the vertical, and find the 
time which elapses before the particle arrives again at P, 

6. A particle is describing a circle of radius r with velocity v, 
shew that the acceleration along the radius is - . 
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A string of length / has its ends fastened to two points Ay B in the 
same vertical line, and a bead P on the string rotates uniformly about 
AB so that BPis always horizontal ; prove that its angular velocity is 

equal to / ( — ttt^— o\ ) » where AB = a, 

XIV. College Examination. 

Clare College, Gonville and Caius College, King's College. 

June, 1886. 

1. Give the law of motion connecting mass, force and acceleration 
for a moving particle. Do you consider it to be an experimental result, 
and if so in what respects, or definition, and if so of what ? 

What are the ultimate tests of equality (i) of two forces, (2) of two 
masses ? 

2. What choices as to units are commonly made in dynamics 
before any equations are written down ? 

If, other choices of units being the same as usual, we choose for 
unit of velocity the velocity which a particle of unit mass acquires in 
moving from rest through a unit length under the action of unit force, 
find the velocity of a body which moves through ten units of length per 
unit time. 

3. Find the acceleration of a particle which is moving with uniform 
velocity in a circle. 

A railway carriage is moving in a horizontal plane at the rate of 
30 miles an hour round a circular curve of which the radius is 10 chains. 
In the centre of the carriage, and fixed with regard to it in a horizontal 
plane, is a smooth circular wire of 6 ft. diameter, on which a bead 
moves uniformly, making 20 revolutions per minute ; the two circular 
motions being in the same direction. Find the pressure between the 
bead and the wire. 

4. Give the arrangement and theory of Atwood's machine. 

In a certain experiment with this machine, the two weights which 
are supposed to be equal diflfer by a small weight w, while their sum is 
correctly known, and the given distances moved through in the two 
stages of the motion are equal. Shew that error, due to w, in the 

TV I "X I \ 

value found for the acceleration of gravity is approximately - I - - + "7/ ) ; 



l64 DYNAMICS. 

where m is the mass removable, and M is the whole moving mass 
(including the allowance for the inertia of the pulley) after the removal 
oim, 

5. Two inelastic particles are moving in one straight line ; deduce 
from first principles the effect of a collision between them. 

A goods train consists of a number of similar wagons and an engine 
whose mass is an integral number, /a, times that of a wagon. They are 
coupled together by chains of equal lengths, inelastic and without 
weight. The train is initially at rest, on a straight line of railway, with 
all the vehicles in contact and the couplings slack. The engine then 
begins to move, the steam exerting a constant tractive force, and each 
wagon is started with a jerk as its coupling tightens. Shew that, 
during the starting, the velocity of the moving part of the train will be 
greatest just before the »*•* impact, where n = 2y? - 3/* + '» provided 
that there are at least n wagons. All rotation of wheels and friction 
may be neglected. 

6. Find the path of a projectile in a vacuum. 

A solid paraboloid of revolution is fixed with its axis vertical and 
vertex uppermost ; a particle is projected from the vertex with a given 
velocity, and impinges on the surface after a parabolic flight. Find the 
angle of projection for which the time of flight is greatest. 

XV. Mathematical Tripos, 1885. 

1, Distinguish between the weight of a body and its mass. How 
does the weight of a body vary in different latitudes, and how would it 
be affected if the body were removed to the surface of the moon? Shew 
how the intensity of gravity at the surface of a planet fixes a superior 
limit to the dimensions to which its inhabitants can attain. 

7. Find the range on a horizontal plane of a shot for a given angle 
of elevation and initial velocity ; and shew that the height of the vertex 
in feet is approximately four times the square of the time of flight in 
seconds. 

Prove that, projected on a vertical target, the shot, as seen from the 
point of projection, will appear to descend with constant velocity. 

8. Find the acceleration of a body sliding up or do^ni a rough 
inclined plane ; and prove that the velocity at any point will be that 
due to falling freely under gravity from a certain straight line which 
slopes downwards in the direction of motion at the angle of friction. 
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Prove that the loss of time in going from A to C, two points on a 
railway at the same level 8 miles apart, due to an incline of i in 100 
from A up to B<t and an incline of i in 300 from B down to C, instead 
of going on a level line from ^ to C at a uniform velocity of 45 miles 
an hour, is about 2 min. 20 sec. 

It is supposed that with full steam on the velocity drops from 45 
miles an hour at ^ to 15 at the summit B^ and that in descending the 
incline from B to C full steam is still kept on till the velocity has again 
reached 45 miles an hour, after which the velocity is kept uniform by 
partly shutting off steam ; and prove that this happens at a point Q 
distant from B about i mile 892 yards. 

9. Prove that a train of fV tons going up an incline of i in »i will 
acquire velocity (^- i - ^) gi, and energy irv(^^-l- ^) V 

foot-tons, in i ( -rjy ) p^fi feet, after / seconds from rest, if P 

\fV m 2240/ * 

denotes the pull of the engine in tons, and fi the resistances in pounds 

per ton. 

Prove that in Question 8 the pull of the engine from ^ to Q is 

2i!V tons, and from ^ to C is i^^ of a ton, supposing W=2oOj ^=14, 

^=32 ; and find the extra expenditure of work due to the inclines. 

10. If a body attached to its centre of mass to one end of a string 
of length r, the other end of which is attached to a fixed point on a 
smooth horizontal plane, makes n revolutions a second, the tension of 
the string is to the pressure on the plane as ^v^n^r to g. 

Prove that, if a train is running round a curve of radius r with 
velocity z/, the weight of a carriage is divided between the outer and 
inner rail in the ratio of gra + v^h to gra - v^h, where k is the height of 
the centre of gravity of the carriage above the rails, and 2a the distance 
between them. 

11. Calculate the velocities after direct impact of two elastic 
spheres. 

An inelastic pile of w lb. is driven vertically a feet into the ground 

nPV^ h 
by n blows of a hammer of WVq,. falling h feet. Prove that 777 lb. 

superposed on the pile in addition to W would drive it down very 
slowly, supposing the resistance uniform. 

If the pile is crushed x feet by each blow, where x is small, the 
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Ww h 

mean pressure exerted by the hammer is ./f lb., and each blow 

fK + w X 



X 



lasts for J of the time of falling of the hammer, neglecting forces not 
due to the impulse. 

XVI. Mathematical Tripos, 1886. 

7. Define momentum, and explain how the momentum of a particle 
is altered by the action of a given force. 

A smooth particle of weight W is free to move in a fine tube which 
is inclined to the horizon at angle a and is constrained to move upwards 
with a constant vertical velocity V', prove that the pressure on the tube 
is ^cos a. Prove also that if the tube be initially at rest and the 
particle attached to it by a very fine thread, and if the velocity Fwith 
which the tube is started off be at least sufficient to break the thread, 
then at a time / after starting the possible positions of the particle in the 
tube cannot differ by a distance exceeding K/sina. 

8. Prove the formula j=z//+ J//^, and investigate the relative path 
of two beads free to move on two straight smooth wires in the same 
plane under the action of constant forces. 

A telescope on a heavy platform is drawn up a smooth inclined 
plane of inclination a by a force so adjusted that the telescope may keep 
a given projectile always in the field of view. Prove that if /3 be 
the angle the telescope makes with the plane and V the initial velocity 
of the projectile perpendicular to the axis of the telescope, the magni- 
tude of the force per unit mass must be ^cosacot)3 and the initial 
velocity of the telescope V cosec j3. The motion of all the bodies 
is supposed to be in one plane. 

9. Prove that when a heavy particle is to be projected from a given 
point with a given velocity to pass through another given point there 
are two possible directions of projection. 

A man standing on the edge of a cliff throws a stone with given 
velocity « at a given inclination in a plane perpendicular to the edge. 
After an interval r he throws from the same spot another stone with 
given velocity v at an angle i7r+^ with the line of discharge of the 
first stone and in the same plane. Find t so that the stones may 
strike one another, and prove that the maximum value of t for different 
values of Q is 2Z/^l^tu, and occurs when ^ = sin~^z'/«, w being v*s vertical 
component. 
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10. Two elastic balls moving with given velocities strike one 
another directly. Find in terms of Newton's coefficient their velocities 
after impact and the loss of kinetic energy in the impact. 

Two perfectly elastic balls of different masses are set in motion with 
velocities V, v within a smooth circular tube fixed in a horizontal posi- 
tion. If after the first impact they describe angles A^t ^\ respectively 
before the second impact, and if after the second impact they describe 
angles A^.^ Og respectively before the third impact, then 

- 11. Find the component, in any specified direction, of the accele- 
ration of a particle moving with uniform velocity in a circle. 

AB is a fine elastic string passing round a smooth vertical peg at a 
centre of force attracting with a force proportional to the distance. AP 
is a fine inextensible string carrying a series of masses, and BQ is 
another such string carrying another series. All the masses rest on 
a smooth horizontal plane and are set revolving about the centre with 
the same angular velocity, after being drawn out sufficiently far for 
them to continue in steady revolution with all the masses of each 
system in one straight line through the centre. Prove that for any two 
different intensities of the centre, provided the angular velocity remain 
the same, the difference between the total kinetic energies is pro- 
portional to the difference between the products of the momenta of the 
two sets of masses. 

12. A heavy particle resting on the' top of a smooth fixed sphere is 
slightly displaced. Find its pressure on the sphere at any point of its 
path. 

Two smooth equal spheres are supported by fine equal string^ 
attached to their surfaces and hanging from one fixed point. The 
spheres are now glued together at their point of contact, and a smooth 
cylinder is laid on them so as to rest with its axis horizontal and not to 
interfere with the strings. Supposing the glue suddenly to give way, 
find the ratio of the new instantaneous pressure of the cylinder on 
a sphere to the previous pressure, and prove that if each string make 
an angle 60* with the horizon and an angle 30® with the perpendicular 
from the centre of its sphere upon the axis of the cylinder, there is 
no change in the pressure, provided the masses of the spheres and 
cylinder be all equal. 



ANSWERS. 
I. 

1. ^Ti^r velos. 2. 12 min. 34^ sec. 

3. (i) 27i'r miles per hour. (ii) 3^ miles per hour. 

4. (i) slU velos. (ii) goVto velos. 5. 153^ velos. 
6. I min. i^ sec. 7. 500 yards in tij sec. ; their ratio is 66 to 100. 
8, II to 6. ' 

(i) 30 velos ; 20/r miles per hour. 

(ii) 26^ velos ; iS^f miles per hour, 
(iii) 2of|J velos ; i4iM miles per hour, 
(iv) i7lHf velos ; iififf miles per hour. 



9. 



(i) 35i velos. 
10. -{ {i) 29MH velos. 
(3) 32W velos. 



(i) 24 miles per hour, 
(ii) 2oi{}f miles per hour, 
(iii) 22^]ffy miles per hour. 



n. 



1, — velos. 2. miles. 3. ^ seconds. 

15 22 At 

4. ^^-? miles. 5. 4o\k yards. 6. -^ hrs. 7. — ^ yards. 

22/ i5Ar 45^ 

m. 

1, 10 J velos. 2. (i) 10 velos. (ii) ri velos. 4. 4 velos; 33 J yds. 

5, — velos. 6. 9^ velos. 

2 

IV. 

1, 13 velos. 2. 55 velos. 

3. 255 velos, 210 velos, 165 velos, 120 velos. 4. 65 velos. 

5. 277 velos. 6. 3 min. 18 sec. (after it begins to decrease.) 

7, (i) 4 sec. (ii) i m. lof sec. 8. 40 sec. previously. 

9. 4 sec. ; 8 sec. 10. 1 1 sec. H, 96 ft. ; 48 ft. ; 96 ft. 

12. 3i sec. previously ; 7 sec. previously. 



1 \^^ 

^' l(ii) 
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VI. 

(i) 101 feet. (iii) 12,000 feet or i/[- miles, 

i) 208 feet. (iv) 27,600 feet or 5 A miles. 

5. 10 seconds before the 5 sec. 6. Yes. 7. 3^o velos. 
8. 81 ft. 9. 48! feet. 10. 31 ft. ; 2 J sees, previously. 
11. In 3 sees. ; 54 ft. 

vn. 

(iv) 6720 ft. 
(v) in 33J sec. 
(vi) half a sec. previously. 
2. 30 celos. 4. 640 feet. 5. 4 celos. 

6. (i) 3^ celos. (ii) 144 feet, 
(i) 15 velos. (iv) 3 to i. 

7. \ (ii) 6 sec. ; 90 ft. (v) (6-3 1J2) sec. = 175... sees, 
(iii) 87J ft. 

(i) -32 celos. (iv) it starts with 144 velos. 

(ii) in I sec. (v) in q sec 



i (i) 80 velos. 
• *](") 176 velos. 
((iii) 320ft. 

2C 

(i) 

I 



(iii) -180 ft. 
9. -^ celos. 10. ^^. 

vin. 

I. 3 sec. 2. (i) 10 (Ji-i) sec.=4*i4 sec. (ii) 56J ft. 
3. loosec; 180000 ft. 4. 40 sec. ; 25600 ft. 5. 6 celos. 
6, 3694 velos (nearly), 7. tt celos. 8« 3*3 celos. 
9. 2640 ft. 10. ^HftV celos. 

II, It has - T^ celos, therefore the required interval / sees, is one of 
the roots of the equation ioo=ig^^t~\y.^jfi^ that is /=43J=37*5-.. 
12. It has - -^ celos ; / is one of the roots of 400= 13JI/- i x ^^/' ; 
/= f34±ioi'3... 



1, 10 velos; 2 celos; velocity at beginning =6 velos; velocity at 
end =14 velos. 2. 80 velos ; 20 seconds previously ; 800 ft. back. 

3. 6} celos. 4. 2 celos. 5. 10 sec. 6. 10 sec. 

7* In 2i sec. and 5 sec. 8. 20 celos. 10. 4 sec. 

12. 48 ft. from A, 13. 90 feet from B, 

14. In a/ — sec at a point Ja feet from A, 16. ^i sees. 



I70 



DYNAMICS. 



X. 

I, i celo. 2. 32 celos. 3. i celo. 4. nfcelos. 
6, f celo. 6. t** celo. 7. 5 velos; 25 ft. 

8, 48 velos; 96 ft. 9. 3 velos; 3 ft. 10. sf velos; 23! ft. 

II. 3 velos; 18 ft. 12. 16 velos; 4 ft. 

13. (i) 8 velos; 18 ft. (ii) 22 velos; 84 ft. (iii) 158 velos; 283^ ft. 

14. 120 ft. 15. 256 ft. and back again. 

16. after 2 sec; 32 velos; or, after 4 sec; 32 velos. 

17. after 2 sec. ; and after 3 sec. 18. 54 poundals. 
19. 32 poundals ; 36 velos. 20. 36 velos ; 320 poundals. 
21. 20 lbs. 22. il lbs. 23. Hi J ft. 

6onp 



24. One is four times as great as the other. 



25. 



velos. 



m 



26. 180 poundals. 

1. w^ poundals. 
4928 



27. About 4 m. 10 sees. ; about 5*3 velos. 
XI. 



2. 



40 X 112 



feet. 



3. 20XII2i^. 



4. 



1125 



mk sees. 



1, 9 pound-velos. 

3. 100 X 20 X 1 12 X 44 pound-velos. 

6. 336000 pound-velos. 

7. 80 pound-celos. 



9. 



44x5x20x112 



pound-celos. 



11. 56 XtjVx (1500)2 pound-celos. 12. 

xm. 



2. 1 1 20 pound-velos. 

4. 62 i pound-velos. 

6. 29561^ pound-velos. 

8. 224 X 32 pound-celos. 

10. 10416I pound-celos. 
88x88 



2700 



X 12 X 14 pound-celos. 



1. 



2. 

3. 
6. 



(7) 80 poundals. 

(8) 32 X 224 poundals. 

(9) w ^ 100 X 20 X 1 12 p. 
(') ■5*{r poundals. 

(2) 56 poundals. 

(3) 492800 poundals. 



(10) 10416I poundals. 

(11) iS X ( 1 500)^ poundals. 

( 1 2) (-V)^ X TTff X 1 68 poundals. 

(4) 3i poundals. 

(5) 16800 poundals. 

(6) 147.H poundals. 



167^1 minutes. 
36/ A poundals. 



4. 18000 poundals. 



5. 80 poundals. 
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1. 4 sec. 2. (1)48 ft. (ii) iiaft. 3. 10 sec. ; 1600 ft. 

4. 64 velos ; 64 ft. 6. In 4 sec. from time stone is thrown. 

6. 1 sec. ; 192 ft. from the foot of the tower. 7. 2 celos. 

4X loox 112 ,, . , , 

— lbs. weight. 



8. 



3« 



9. 480 velos. 



10. (48o)2|A___L^| ft. = 4.8...ft. 11. If lbs. weight. 

12. 14m. 40 sec. 13. In 50 sees. 14. 308 sees. 



XV. 

1. iVff^^ff celos. 3. Their ratio is 140 to 147 

5. iVr ft* 6. 4x14x22 poundals 

8. 7 70 lbs. weight. 



4. i?ft. 



7. 1 3 sec. 
9. 17570 lbs. weight. 



XVI. 



1. 300 X 20 X 1 1 2 poundals. 

I 250 X 20 X 1 12 poundals ; 

2. I 200 X 20 X 112 poundals ; 
I 150x20x112 poundals ; 

3. 500 X 20 X 1 1 2 poundals. 

220 X 20 X 112 - , 
— poundals. 



100 X 20 X 1 12 poundals ; 
50 X 20 X 1 12 poundals. 



(iii) 



22 X 20X 112 



1. f"> a 

I (ii) 44 X 20 X 1 1 2 poundals. (iv) 176 yards 
5. (i) — celos. (ii) - - poundals. (iii) 



poundals. 



6. (i) 



'5 
loa 

10 + « 



ma ,. , ma 

— p. (iv) -7 p. 



celos. 



(ii) 



«-4 
10 + « 



/ poundals. 



xvn. 



1. *i^ poundals ; 2 celos. 
3. V^ poundals ; | celos. 



2. 120 poundals; 8 celos. 
4, -^f^ poundals; 2 celos. 

f-f 



6. ^ a second. 7. 30^fozs. 8. loiozs. 12. 



fft + m 



; poundals. 



14, Velocity before : velocity after = v3 • v ^* 

15. 22 X 112 poundals. 16. The weight of i J cwt. 18. 3^00 ft« 
19. f i of the weight of 2 ozs. 20. Hi of the weight of 2 ozs. 



172 DYNAMICS. 

xvm. 

I, 896 X 2000 pulses; the weight of 1150 tons. 2. it sec. 
3. 1600 X 1800 pulses; 803^ tons weight. 4. A sec. 

5, 33 pulses; 10 lbs. weight. 6. 14 pulses. 

7, 66 X 20 X 1 12 pulses; weight of i^^^ tons. 

8. 55 pulses; 1 7iV lbs. weight. 

9. (i) a weight of 160 tons. (ii) 3 in. 

10, Force = weight of lof cwt. ; interval =1^ second. 

II. Force = weight of 8 tons ; interval = tV second. 



I, 10 velos. 2. } velos. 3. 9 velos. 4. A velos. 

5. 54 velos. 6, 224 velos. 9. 5 velos. 10. ^ velos. 

II. T^Wr velos. 12. (>/6 +is/2) sec. = 3*8636 sec. 



I, i8J^ velos ; 22| velos. 2. - "if velos ; 5I velos. 
3. -i^'; 54^' 4. 4 velos. 

7. In 2 sees. ; i6ft. below the point from which m' is let fall ; 

■12 %1 

v=- — 7 \m' + 2ettj! -tn\\ v'= — - — , {m + 2efn - m*). 

8. • 9. 74 velos in opposite direction to shot. 

1+2^ 

II. The impulsive tension causes a stress of opposite sign to that 
caused by an impact, hence we have z/ + z/'=« and v-v =eu, wHence 
v = \u{i-e)\ z/' = 4«(i+^) after the first impact, the velocities are 
4w (i +^/) ; \u (i -ee'). 12. 2 velos; |/^3 velos ; 4>/i3 velos. 



1, I second. 2. a/|. 

3. (i) ^H. (ii) ^-^. (iii) . (i±f) ^^j. 

4. -—3-^- 6. 1 5*34- •• velos. 
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1. A velo ; yi^ celo. 2. It velo ; ttV^ht celo. 

3. %■ velos ; ^ celos. 4. A sec. 5. 25 ft. 

O • Or ' 

6. 32/S/330 velos. 7. ^W^ sec. ; (H)' x 400 feet. 8. 50 ft. 

« ,. ,A 20x112x5280 J, 11 32 

9. 3« lbs. 10. r^^ poundals. H, ■^—, 

12. -h celos. 
nr 

14, (i) "osaS... velos. (ii) '0328 celos. 

(iii) {•0328...) X ('0022...) poundals. 



I. 500 yards. 2. 5 miles. 3. 10*02 ft. nearly. 4. 25 yards. 
5, 103*6 ft. 6. 14 feet ; 2 feet ; 10 feet ; 13 feet nearly. 

7. 350 yards; 60^ with first direction. 

8. 115*6 yds. ; making an angle tan~^ — ^^—j- East of North. 

9. 20V3 yards. 

10. 3*6 miles, in a direction making the angle tan~^ \ with the North. 

II. 4*836 miles ; cos-^ *874753 = 28<» 59' 7" [by the Tables]. 
12. 1V{ (36)' + (23)'} miles. 



1. 50 yards; 86*5... yards. 2. 15 yards, 20 yards. 

3. 323*8 yards. 4. V{(662*i3)« + (2i2*i3)'}, 

5. '707... mile; o miles. 6. 180 yards. 



1. 150 feet from its initial position ; in a direction making an angle 
whose sine is | to the East of North. 

2. V{(3o)* + (45)'} feet from its initial position. 

3. 24 ft* south of its initial position. 

4. V{(35)' + (i5)'} feet from its initial position. 

5. V{(20o)' + (3o)'} ft. from its initial position. 

6. The point is at rest. 

7. Vi(4®)'+ (64)^} ft. from its initial position. 

8. 20 ft. to the north of its initial position. 



-a 
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Range. Time of flight. Greatest Height. 

1. 312*5 feet. 4*42... sees. 78*125 feet. 

2. 78*125 feet. 2*21... sees. 19*53125 feet. 

3. 128 feet. 2*828... sees. 32 feet. 

4. 1691*4 feet. 7*8 sees. 244 feet. 

5. 270*6 feet. 5*4 sees. 117*2 feet. 

6. 67*6 feet. 27 sees. 29*3 feet. 

7. 168*75 feet. 2*88 sees. 126*5625 feet. 

8. 468*75 feet. 6J sees. 156*25 feet. 

9. 625 feet nearly. 10. 300 yards nearly. 11, ii77jfeet. 
12. 19 inches and 1*88 feet. 13. 9 114 yards. 14. 18454 yards. 



I, 2ovelos. 2. 25 velos. 3. 50 miles per hour =73 J velos. 4. 8*2...velos. 
5. tj^^n^ velos. 6. \/ «^ + ( ^ ) velos. 7. 3 velos. 

8. fl\/3 velos. 9. 6*7. ..velos. 10. 10^/7 = 26*4... velos. 

II. 20 velos. 12. 42*7 velos. 13. 57*46 ft. see Ex. i. p. 72. 
14. 35'35--velos, 35-35. ..velos. 15. 99*6 velos. 

16. 1 1 36 velos nearly. 17. 28*28... velos. 18. 120° from N. 

19. It has received (2-/^2) times its former velocity, making an 
angle cos~^i(2 -si 2) with it. 20. 67 velos nearly. 21. 30 velos. 

22. 2o*5 velos making angle with horizon tan = |. 

23. At a point \/(2o)^+ {^^-f ft. from point of stoppage. 

24. 2 1 velos nearly. 25. 8^/2 miles per hour. 



1. Angle in direction of train whose tan = - 1. 2. 1 3 celos. 

3, 13 velos. 4. 50*4... velos. 6. 45*5 velos nearly. 

6. 135® with direction of*train. 



1, I celo ; 6 sees. 2. 4*4 sees. 3. 2\/2 sees. ; 96 feet. 

4, 8 celos ; tan-i |. 5. 4' 8 celos. 7. 1 x 5*17... = 1-29... celos. 
8. 5*746... celos [see p. 73]. 11, 2 : i. 
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2. lo kJ{66o) seconds. 3. 32 >/(W seconds. 

4. The number of seconds /^ is the positive root of the equation 

h=o ^(igsiTL aJ) sin af+ig^, 

the horizontal distance =i^(2^sin a/) cos a/j ft. 6. 30®. 

7, Through the fixed point draw a horizontal straight line ; describe 
a circle to touch this line at the fixed point and also to touch the fixed 
line. The line joining the two points of contact is the required direction. 
9. The construction is the same as that in Example 7. 



1. After 11- seconds. 

3. (i) After I2±^y9 seconds, (ii) at an angle with the horizon 

whose tangent is ± • 



1, The axis of the parabola is the vertical line passing through the 
point at which the ball was dropped. The directrix is the horizontal 
line 121 feet above this point. 2. 221 ft. 8 in. with 128 xV3 velos. 

4, With 20\/2 velos. 

5, tan a is one of the roots of the equation 64 tan' a - 25 tan a + 26 = o. 

6, The least velocity is u cos a which it attains after seconds at 

14^ sin' ci 
a point whose vertical distance is ft. and whose horizontal 

2 * 
distance is — ^^ ft. 10. 15®- 12. J second. 

13. 12 V3 feet. 

14. The time /^ is the positive root of the equation 

gfi + 2\J{2ga sin a) sin a/= 2^, 

and the distance BC= ^J{h^ + iga sin at^ cos' a} ft. 

15. «2 feet. 16. iV"89ft. 17. i\/i53i3 velos. 
18. u cos a velos. 19. « cos a sec § velos. 21. i foot. 
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1. (1+^ 10 velos. 

2. They must interchange velocities in the line of impact and 
therefore [Ex. ii. p. 59] they must be of equal mass and perfectly 
elastic. 3. Their velocities are equal and each =u^{\{i +^}> 

4. >/{«« + i (i+^)»«'-^} and 1 (I -^)«'. 

5. (i) 100 velos. (ii) 5 seconds. 

6. (i) 50 velos. (ii) 3*8... seconds [Ex. iii. p. 36]. 

XXXIV. 

1, 32 feet. 2. 1080 feet. 

3. « \/[{cos ^ sec a - sin {0 - a) tan a}» + ^ sin* (0 - a)]. 

6. Let the angle of projection with the horizon be a, then the line of 

a 2a . a 



flight from the horizontal motion is -^^ 
from the vertical motion the time is 



f/cosa 
2u sin a 



sm2a 



g 

2 I i 



eu cos a e^u cos a 
Therefore 



and 



7. cota=2. 

9, The path of the ball is always parallel to a diagonal and it always 

returns to the point of projection. 13. 2eA sin 3a feet. 

14. sima= \. 

15. [See Ex. 6.] From the horizontal motion the time of flight 

1 1 H •" ^[ • The time /, of going up to the ceiling is the 

least root of the equation /i = u sin a/ - ^gfi. The lime of coming down 
/^is the positive root of the equation h=evi + \gfiy where 

2/2 = «' sin' a - 2gh ; also /j = /'2 + ^3- 



h = 



1, 20 celos. 



3. 



^^- feet. 



2. 40 poundals = weight of ij lbs. 
4. The weight of 1026) lbs. 



7. The weight of ^iji^bs. 

8. (i) When at rest the tension is 56 lbs. weight. 

(ii) When in motion the tension is (56+70) lbs. weight. 
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9. The difference is about 94]^ lbs. weight. 

10. At the distance of 3 feet from the 4 lbs. 

11. Svelos. 12. Mlbs. 

ZXXVIil. 

1. 40 X 56 X ^ foot-poundals ; 2240 foot-pounds. 

2. 10 X 14 X 500 x^ foot-poundals ; 70000 foot-pounds. 

3. 10 X 2240 X 500 y,g foot-poundals ; 1 1 200000 foot-pounds. 

4. -12XI4X 200 x^ foot-poundals ; - 33600 foot-pounds. 

5. 300 X 2240 X ^ x 1 760 X 3 x^ foot-poundals; 433843200 foot-pounds. 

6. 224 X 600 x^ foot-poundals; 134400 foot-pounds. 

7. 9 '<■ 880. 8. 22400 foot-pounds. 9. ^34!^ foot-pounds. 
10. 50 velos= 34t4: miles per hour. H, 224 x 8 x 88 foot-pounds. 

12. i9i miles per hour. 

13. — , miles per hour, where cos a=J{ i - (TAr)'} =*9008... 

24+ ro cos a *- » -v t \«>w/ :7>ir 

that is, 19^^ miles per hour, very nearly. 14. 29568 foot-pounds. 

15. 2 : 5. 



1. 800 foot-poundals. 2. (2000)' x 4 x 1 12 foot-poimdals. 

3. (1600)* X 6 X 1 12 foot-poundals. 

4. (88)' X 200 X 2240 foot-poundals. 

5. A- ^ (88)' X 84 foot-poundals = 813*12 foot-pounds. 

6. 1680 foot-pounds. 

7. {{'^)^ X 180 X 2240 -1-3x1120 XI 760 X 6} foot-poundals 

= 2240 X 9 X II {7920+1760} foot-poundals. 

8. {(88)' X 50 X 2240 -h 500 X 100 X 2240 X 32} foot-poundals 

= 2240 x64X5o{i2i-{- 500} foot-poundals. 

9. The necessary work is 112 x 8 x 32 foot-poundals ; the superfluous 
work is 112 X J X 625 foot-poundals. Their ratio is 5 12 : 625. 

10. No work is done while the brakes are applied, that is, for 
no yards. The work done in producing kinetic energy is 
J(ii)'x2240X 10 foot-poundals, the work done against friction is 
«8 X 32 X 1650 X 3 foot-poundals. The total work done is 

2240 X II {55 + 180} = 2240 X 1 1 X 235 foot-poundals. 
The work done in going a mile with uniform velocity 

= 28 X 32 X 1 760 X 3= 2240 X 1 1 X 192 foot-poundals. 
These two are in the proportion 235 ; 192. 

L. D. ^"i 
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11. Let the train be mlbs. The work done in the first case b 
(i (^^'^ +iWr ^ ^ ^ 17^0 X 3} foot-poundals, in the second 

-]^ X m X 1760 X 3 foot-poundals. 
Their ratio is 3586 : 1408. 

12. 1 1 X 2140 {55 - 4} foot-poundals. 



2. 8ovelos. 7. See Art. 133. 

14. / To — r-5 — ^=5 A planks. 

(3000)'' -(1800)' •'i» ^ 

19. Let the rod of the pendulum make the angle with the vertical, 
then ^=6o^ 
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By the same Author, 
ARITHMETIC FOR SCHOOLS. With Answers and 

looo additional Examples for Exercises. Second Edition. Globe 8vo. 

Or in Two Parts: — Part I. Up to and including Practice, 
with Answers. Globe 8vo. is. Part II. With Answers and lOOO 
additional Examples for Exercise. Globe 8vo. 3^. 

*^^* The complete book and both parts can also be obtained without 
answers at the same price^ though in different binding. But the edition 
with answers will always be supplied unless the other is specially asked for. 

The Athenaeum says: — "Mr Lock may certainly be congratulated on 
realizing the hope expressed in his preface, for his text-book is *at once 
simple and scientific* The mechanical execution is excellent, the examples 
for exercise are numerous and well chosen, and any student who honestly 
and intelligently works through this volume will gain a complete mastery 
over more than the usual school course of arithmetic, and in the most effici- 
ent way and with a maximum of educational benefit to himself.... Mr Lock 
shews that he is not only a proficient in arithmetic, but a master of the art 
of teaching it, and his work may be confidently recommended to both 
teachers and scholars.'* 

The Cambridge Beview says: — "This volume is uniform with the 
Elementary Trigonometry by the same author, and therefore demands 
the attention of all engaged in teaching the elements of mathematics.... 
Of the many excellencies of the book, we would mention especially the 
hint about * counting by equal increments' on p. 10; the use of counters 
to explain multiplication and division, and the diagrams in the chapters 
on approximation and square and cubic measure ; also the whole chapter 
on factors, including G.C.M. and L.C.M., and the whole chapter on 
decimals.... The best arithmetic for its purpose which we have seen, and 
one that will be interesting and instructive to the general reader as well.** 

The Literary World says : — ^^ Arithmetic for Schools is evidently the 
work of a thoroughly good teacher. The elementary truth, that arithmetic 
is common sense, is the principle which pervades the whole book, and no 
process, however simple, is deemed unworthy of clear explanation. Where 
It seems advantageous a rule is given after the explanation. As examples 
of Mr Lock's clearness, we may refer to * Tests of Divisibility,* pp. 60, 61, 
and * Recurring Decimals,* p. 126.... Mr Lock's admirable Trigonometry^ 
published last year, and the present work are, to our mind, models of what 
mathematical school-books should be." 

The Academy says : — " Of all the works which our author has now 
written, we are inclined to think this the best — naturally vires acquirit eundo. 
We have looked here, dipped in there, and examined elsewhere, and our 
verdict is 'good 'I... The illustrative diagrams are a very usefiil and com- 
mendable feature.** 

TRIGONOMETRY FOR BEGINNERS, as far as the 

Solution of Triangles. Second Edition. Globe 8vo. is, 6d. 

The Sdboolmaster says : — " It is exactly the book \.o ^\^c.^*\Tv^<t\!>a35v$ks. 
of beginners,,, Science teachers engaged in this patl\c\)^ax \»x^xwOcw cil ^i^^ 
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will find the book most serviceable, while it will be equally useful to tbc 
private student." 

Nature says : — " Mr Lock's great advantage is preceptorial ^ skill in 
arrangement and exposition. On this score he deserves much credit indeed. 
There are few points in which it is possible to suggest improvement." 

ELEMENTARY TRIGONOMETRY. PonrUi 

Edition (in this Edition the chapter on logarithms has been carefuQj ' 
revised). Globe 8vo. 4^. dd, 

Mr E. J. RouTH, D.Sc, F.R.S. writes : — "It is an able treatise. It 
takes the difficulties of the subject one at a time, and so leads the young 
student easily along." 

The GOasgow Herald says : — ** This is an eminently teachable book, 
and evidently the outcome of the author's own experience as a teacher. 
As it treats only of that part of the subject that can be explained without 
the use of infinite series, the exampl.es are for the most part easy. They 
are, however, numerous and well selected. When these have been mastered, 
the student will find in the more difficult miscellaneous examples the means 
of prosecuting the subject somewhat beyond the elementary stage. The 
principles are well stated, the rules clear, and the arrangement and figures 
all that could be desired." 

The New Zealand Schoolmaster says : — ** It is a most teachalle book. 
Mr Lock is an experienced teacher, having been twelve years an assistant 
master at Eton, and he certainly has made good use of his experience in 
noting difficulties in the student's way and explaining them away. His 
definitions are all that can be desired. The chapters on logarithms and the 
use of mathematical tables are ably written. We anticipate this work will 
become generally acceptable to teachers of mathematics. " 

HIGHER TRIGONOMETRY. Globe 8vo. /^.6d. 

Both Parts complete in One Volume. Globe 8vo. 7j. 6^. 

The Cambridge Review says : — "This little book is obviously the work 
of one who has had considerable experience in teaching ; it is written very 
clearly, the statements are definite and the proofs concise, and yet a teacher 
would not find it necessary to add much in the way of supplementary 
explanation ; there is a copious supply of examples — both throughout the 
text and in the examination papers at the end — the solution is always so 
much more instructive than any amount of explanation. Many things 
generally taught here appear for the first time in a text-book, notably the 
ambiguity of logarithms (p. 29), and we welcome the appearance of the 
hyperbolic sine and cosine, whose introduction to cornmon usage would 
save much labour, and make several systems of formulae symmetrical and 
complete. " 

Iron says : — "This work completes the subject of plane trigonometry 
as far as it is usually read in schools and in the junior classes of the 
Universities. The introduction of the hyperbolic sine and cosine appears 
to us an innovation fully justified by their importance in other subjects and 
by the simplification effected by their use in the statement of many theorems 
ajid. formulae." 
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CLASSICS. 

ELEMENTARY CLASSICS. 

i8mo, Eighteenpence each. 

This Series falls into two Classes — 

(i) First Reading Books for Beginners, provided not 
only with Introductions and Notes, but with 
Vocabularies, and in some cases with Exercises 
based upon the Text 

(2) Stepping-stones to the study of particular authors, 
intended for more advanced students who are beginning 
to read such authors as Terence, Plato, the Attic Dramatists, 
and the harder parts of Cicero, Horace, Virgil, and 
Thucydides. 

These are provided with Introductions and Notes, but 
no Vocabulary. The Publishers have been led to pro- 
vide the more strictly Elementary Books with Vocabularies 
by the representations of many teachers, who hold that be- 
ginners do not understand the use of a Dictionary, and of 
others who, in the case of middle-class schools where the 
cost of books is a serious consideration, advocate the 
Vocabulary system on grounds of economy. It is hoped 
that the two parts of the Series, fitting into one another, 
may together fulfil all the requirements of Elementary and 
Preparatory Schools, and the Lower Forms of Public 
Schools. 

b 2 



4 MACMILLAN'S EDUCATIONAL CATALOGUE. 

The following Elementary Books, with Introductions, 
Notes, and Vocabularies, and in some cases with 
Exercises, are either ready or in preparation: — 

Aeschylus.— PROMETHEUS VINCTUS. Edited by Rev. H. 

M. Stephenson, M.A. 
Caesar — the gallic war. book I. Edited by A. S. 

^Tal'pole M a 
THE INVASION OF BRITAIN. Being Selections from Books 

IV. and V. of the "De Bello Galileo.*' Adapted for the use of 

Beginners. With Notes, Vocabulary, and Exercises, by W. 

Welch, M.A., and C. G. Duffield, M.A. 
THE GALLIC WAR. BOOK I. SELECTIONS. Adapted 

for the use of Beginners. With Notes, Exercises, and Vocabulary, 

by W. Welch, M.A., and C. G. Duffield, M.A, 

[In preparation, 
THE GALLIC WAR. BOOKS IL AND IIL Edited by the 

Rev. W. G. Rutherford, M.A., LL.D., Head-Master of West- 
minster School. 
THE G4LLIC WAR. BOOK IV. Edited by Clement Bryans, 

M. A., Assistant- Master at Dulwich College. 
THE GALLIC WAR. SCENES FROM BOOKS V. and VL 

Edited by C. Colbeck, M.A., Assistant-Master at Harrow; 

formerly Fellow of Trinity College, Cambridge. 
THE GALLIC WAR. BOOKS V. and VI. (separately). By 

the same Editor. Book V. ready. Book VI. in preparation, 
THE GALLIC WAR. BOOK VII. Edited by John Bond, 

M.A., and A. S. Walpole, M.A. [In preparation, 

Cicero.— DE SENECTUTE. Edited by E. S. Shuckburgh, 
M.A., late Fellow of Emmanuel College, Cambridge. 

DE AMICITIA. By the same Editor. 

STORIES OF ROMAN HISTORY. Adapted for the Use of 
Beginners. With Notes, Vocabulary, and Exercises, by the Rev. 
G. £. Jeans, M.A., Fellow of Hertford College, Oxford, and 
A. V. Jones, M.A., Assistant-Masters at Haileybury College. 

EutropiuS. — Adapted for the Use of Beginners. With Notes, 
Vocabulary, and Exercises, by William Welch, M.A., and C. 
G. Duffield, M.A., Assistant-Masters at Surrey County School, 
Cranleigh. 

Homer. — ILIAD. book I. Edited by Rev. John Bond, M.A., 

and A. S. Walpole, M.A. 
ILIAD. BOOK XVIII. THE ARMS OF ACHILLES. Edited 

by S. R. James, M. A., Assistant-Master at Eton College. 
ODYSSEY. BOOK I. Edited by Rev. John Bond, M.A. and 

A. S. Walpole, M.A. 
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Horace. — odes. . books L— IV. Edited by T. E. Page, M. A., 
late Fellow of St. John's College, Cambridge ; Assistant-Master 
at the Charterhouse. Each is. 6d, 

Livy. — BOOK I. Edited by H. M. Stephenson, M.A., Head 

Master of St. Peter's School, York. 
THE HANNIBALIAN WAR. Being part of the XXL and 

XXII. BOOKS OF LIVY, adapted for the use of beginners, 

by G. C. Macaulay, M.A., Assistant-Master at Rugby ; formerly 

Fellow of Trinity College, Cambridge. 
THE SIEGE OF SYRACUSE. Being part of the XXIV. AND 

XXV. BOOKS OF LIVY, adapted for the use of beginners. 

"With Notes, Vocabulary, and Exercises, by George Richards, 

M.A., and A. S. Walpole, M.A. 

Lucian. — extracts from LUCIAN. Edited, with Notes, 
Exercises, and Vocabulary, by Rev. John Bond, M.A., and 
A. S. Walpole, M.A. 

NepOS.— SELECTIONS ILLUSTRATIVE OF GREEK AND 
ROMAN HISTORY. Edited for the use of beginners with 
Notes, Vocabulary and Exercises, by G. S. Farnell, M.A. 

Ovid. — SELECTIONS. Edited by E. S. Shuckburgh, M.A. 

late Fellow and Assistant-Tutor of Emmanuel College, Cambridge. 

ELEGIAC SELECTIONS. Arranged for the use of Beginners 

with Notes, Vocabulary, and Exercises, by H. Wilkinson, M.A. 

[In preparation, 

STORIES FROM THE METAMORPHOSES. Arranged for the 

Use of Beginners. With Notes, Exercises, and Vocabularies. By 

J. Bond, M.A., and A. S. Walpole, M.A. \In preparation, 

PhsedruS.— SELECT fables. Adapted for the Use of Be- 
ginners. With Notes, Exercises, and Vocabularies, by A. S, 
Walpole, M.A. 

Thucydides.— THE RISE OF THE ATHENIAN EMPIRE. 
BOOK L cc. LXXXIX. — CXVIL and CXXVIIL — 
CXXXVIII. Edited with Notes, Vocabulary and Exercises, by F. 
H. Colson, M.A., Senior Classical Master at Bradford Grammar 
School ; Fellow of St. John's College, Cambridge. 

Virgil.— iENEID. BOOK I. Edited by A. S. Walpole, M.A. 
iENEID. BOOK V. Edited by Rev. A. Calvert, M.A., late 

Fellow of St. John's College, Cambridge. 
GEORGICS. BOOK I. Edited by C. Bryans, M.A. 

\In preparation. 
SELECTIONS. Edited by E. S. Shuckburgh, M.A. 

Xenophon. — anabasis. book L Edited by A. S. 
Walpole, M.A. 
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Xenophon selections from the CYROPiEDIA. 

Edited, with Notes, Vocabulaiy, and Exercises, t^ A. H. Cooke, 
M.A., Fellow and Lecturer of King's College, Cambridge. 

The following more advanced Books, with Introductions 
and Notes, but no Vocabulary, are either ready, or in 
preparation : — 

Cicero.— SELECT LETTERS. Edited by Rev. G. E. Jeans, 
M.A., Fellow of Hertford College, Oxford, and Assistant-Master 
at Haileybury College. 

Euripides.— HECUBA. Edited by Rev. John Bond, MA. 
and A. S. Walpole, M.A. 

Herodotus.— SELECTIONS FROM BOOKS VL and VIL, 
THE EXPEDITION OF XERXES. Edited by A. H. Cooke, 
M. A., Fellow and Lecturer of King's College, Cambridge. 

Horace. — SELECTIONS FROM THE SATIRES AND 
EPISTLES. Edited by Rev. W. J. V. Baker, M. A., FeUow of 
St. John's College, Ciunbridge ; Assistant-Master in Marlborough 

College. 

SELECT EPODES AND ARS POETICA. Edited by H. A. 
Dalton, M. A., formerly Senior Student of Christchurch ; Assistant- 
Master in Winchester College. 

Plato.— EUTHYPHRO AND MENEXENUS. Edited by C. E. 
Graves, M.A., Classical Lecturer and late FeUow of St. John's 
College, Cambridge. 

Terence. — SCENES FROM THE ANDRIA. Edited by F. W. 
Cornish, M. A., Assistant-Master at Eton College. 

The Greek Elegiac Poets.— from callinus to 

CALLIMACHUS. Selected and Edited by Rev. Herbert 
Kynaston, D.D., Principal of Cheltenham College, and formerly 
Fellow of St John's College, Cambridge. 

Thucydides.— BOOK IV. Chs. l— xll the capture 

OF SPHACTERIA. Edited by C. E. Graves, M.A. 

Virgil. — GEORGICS. BOOK IL Edited by Rev. J. H. Serine, 
M.A,, late Fellow of Merton College, Oxford; Assistant-Master 
at Uppingham. 

*^* Other Volumes to follow. 
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CLASSICAL SERIES 
FOR COLLEGES AND SCHOOLS. 

Fcap. 8vo. 

Being select portions of Greek and Latin authors, edited 
with Introductions and Notes, for the use of Middle and 
Upper forms of Schools, or of candidates for Public 
Examinations at the Universities and elsewhere. 

Aschines.— IN CTESIPHONTEM. Edited by Rev. T. 
GWATKIN, M.A., late Fellow of St. John's College, Cambridge. 

[In the press, 

^SChyluS« — PERSiE. Edited by A. O. Prickard, M.A. 
Fellow and Tutor of New College, Oxford. With Map. 31. (>d, 

AndocideS.— DE M YSTERIIS. Edited by W. J. HiCKiE, M. A. , 
formerly Assistant Master in Denstone Collie, zr. 6^. 

Csesar. — the gallic war. Edited, after Kraner, by Rev. 
John Bond, M.A., and A. S. Walpole, M.A. With Maps. 6j. 

Catullus, — SELECT POEMS. Edited by F. P. Simpson, B.A., 
late Scholar of Balliol College, Oxford. New and Revised 
Edition. 5^. The Text of this Edition is carefully adapted to 
School use. 

Cicero. — ^THE CATILINE orations. From the German 
of Karl Halm. Edited, with Additions, by A. S. Wilkins, 
M.A., LL.D., Professor of Latin at the Owens College, Manchester, 
Examiner of Classics to the University of London. New Edition. 

PRO LEGE MANILIA. Edited, after Halm, by Professor A. S. 
Wilkins, M.A., LL.D. 2j. 6^. 

THE SECOND PHILIPPIC ORATION. From the German 
of Karl Halm. Edited, with Corrections and Additions, 
by John E. B. Mayor, Professor of Latin in the University of 
Cambridge, and Fellow of St. John's College. New Edition^ 
revised. 5/. 

PRO ROSCIO AMERINO. Edited, after Halm, by E. H. Don- 
kin, M.A., late Scholar of Lincoln College, Oxford; Assistant- 
Master at Sherborne School. 4J-. (>d, 

PRO P. SESTIO. Edited by Rev. H. A. Holden, M.A., LL.D., 
late Fellow of Trinity . College, Cambridge; and late Classical 
Examiner to the University of London. 5j. 
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Demosthenes. — DE CORONA. Edited by B. Drake, M.A., 

late Fellow of King's College, Cambridge. New and revised 
Edition. 4J'. 6d, 
ADVERSUS LEPTINEM. Edited by Rev. J. R. King, M.A., 
Fellow and Tutor of Oriel College, Oxford. 4^. 6d. 

THE FIRST PHILIPnC. Edited, after C. Rehdantz, by Rev. 
T. GwATKiN, M. A., late Fellow of St. John's College, Cambridge. 

IN MIDIAM. Edited by Prof. A. S. Wilkins, LL.D., and 
Herman Hager, Ph.D., of the Owens CoU^^e, Manchester. 

[In preparation, 

Euripides. — IPPOLYTUS. Edited by J. P. Mahaffy, M. A., 
Fellow and Professor of Ancient History in Trinity College, Dub- 
lin, and J. B. Bury, Fellow of Trinity College, Dublin. 3^. 6d, 

MEDEA. Edited by A. W. Verrall, M.A., Fellow and 
Lecturer of Trinity College, Cambridge. $s. 6d. 

IPHIGENIA IN TAURIS. . Edited by E. B. England, M.A., 
Lecturer at the Owens College, Manchester. 4s. 6d, 

Herodotus,— BOOKS V. and VI. Edited by J. Strachan, 
M.A., Professor of Greek in the Owens Collie, Manchester. 

[In preparation. 

BOOKS VII. AND VIII. Edited by Rev. A. H. Cooke, M.A., 
Fellow of King's College, Cambridge. [In preparation. 

Homer.— ILIAD. BOOKS L, IX., XL, XVL— XXIV. THE 
STORY OF ACHILLES. Edited by the late J. H. Pratt, 
M.A., and Walter Leaf, M.A., Fellows of Trinity College, 
Cambridge. 6j. 

ODYSSEY. BOOK IX. Edited by Prof. John E. B. Mayor. 

ODYSSEY. BOOKS XXL— XXIV. THE TRIUMPH OF 
ODYSSEUS. Edited by S. G. Hamilton, B.A., Fellow of 
Hertford College, Oxford, y. dd. 

Horace.— THE odes. Edited by T. E. Page, M.A., formerly 
Fellow of St. John's College, Cambridge ; Assistant-Master at 
Charterhouse. 6j. (BOOKS I., II., III., and IV. separately, 
2^. each.) 

THE SATIRES. Edited by Arthur Palmer, M.A., Fellow of 
Trinity College, Dublin ; Professor of Latin in the University of 
Dublin. 6j. 

THE EPISTLES and ARS POETIC A. Edited by A. S. 
Wilkins, M.A., LL.D., Professor of Latin in Owens Collie, 
Manchester; Examiner in Classics to the University of 
London. 6j. 
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Isaeos.— THE ORATIONS. Edited by William Ridgeway, 
M.A., Fellow of Caius Collie, Cambridge; and Professor of 
Greek in the University of Cork. [In Reparation. 

Juvenal, thirteen satires. Edited, for the Use of 
Schools, by E. G. Hardy, M.A., Head Master of Grantham 
Grammar School ; late Fellow of Jesus College, Oxford. 5^. 
The Text of this Edition is carefully adapted to School use. 

SELECT SATIRES. Edited by Professor John E. B. Mayor. 
X. AND XL 3J. ed. XIL—XVI. 4J. 6d, 

Livy. — BOOKS XL AND III. Edited by Rev. H. M. Stephenson, 
M.A., Head-Master of St. Peter's School, York. $s. 

BOOKS XXL and XXII. Edited by the Rev. W. W. Capes, 
M.A., Reader in Ancient History at Oxford. Maps. 5j. 

BOOKS XXIII and XXIV. Edited by G. C. Macaulay, M.A., 
Assistant-Master at Rugby. With Maps. $s. 

THE LAST TWO KINGS OF MACEDON. EXTRACTS 
FROM THE FOURTH AND FIFTH DECADES OF 
LIVY. Selected and Edited, with Introduction and Notes, by 
F. H. Rawlins, M. A., Fellow of King's College, Cambridge; and 
Assistant-Master at Eton. With Maps. 3^. 6d. 

Lucretius. BOOKS I.— III. Edited by J. H. Warburton 
Lee, M.A., late Scholar of Corpus Christi College, Oxford, and 
Assistant-Master at Rossall. 45. 6d. 

Ly Sias. — select orations. Edited by E. S. Shuckburgh, 
M.A., late Assistant -Master at Eton College, formerly Fellow and 
Assistant-Tutor of Emmanuel College, Cambridge. New Edition, 
revised. 6s, 

Martial. — SELECT EPIGRAMS. Edited by Rev. H. M. 
Stephenson, M.A. 6s. 

Ovid. — FASTI. Edited by G. H. Hallam, M.A., Fellow of St. 

John's College, Cambridge, and Assistant-Master at Harrow. 

^^ith I^aos J? J 
HEROIDUM EPISTUL^ XIIL Edited by E. S. Shuckburgh, 

M.A. 4r. 6d, 
METAMORPHOSES. BOOKS XIIL and XIV. Edited by 

C. Simmons, M.A. /^. 6d. 

Plato. — MENO. Edited by E. S. Thompson, M.A., Fellow of 
Christ's College, Cambridge. [In pr^aration. 

APOLOGY AND CRITO. Edited by F. J. H. Jenkinson, 
M.A., Fellow of Trinity College, Cambridge. [It^ preparation, 

THE REPUBLIC. BOOKS I.— V. Edited by T. H. Warren. 
M.A., President of Magdalen College, Oxford. [In the press. 
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PlautUS.— MILES GLORIOSUS. Edited bv R, Y. TyrreLl. 
M. A., Fellow of Trinity Collie, and Regius Professor of Greek in 
the University of Dublin. Second Edition Revised. 5*. 

AMPHITRUO. Edited by Arthur Palmir, M.A., Fellow of 
Trinity College and Regius Professor of Latin in the University 
of Dublin. [In prtpartUion. 

CAPTIVL Edited by A. Rhys Smith, late Junior Student of 
Christ Church, Oxford. \In pr^oraUon. 

Pliny. — LETTERS. BOOK III. Edited by Professor John E. B 
Mayor. With Life of Pliny by G. H. Rbndall, M. A. 5*. 

Plutarch.— LIFE OF THEMISTOKLES. Edited by Rev. 
H. A. HOLDEN, M.A., LL.D. ^, 

Polybius.— HISTORY OF THE ACHiEAN LEAGUE. Being 
Parts of Books II., III., and IV. Edited by W. W. Capes. 
M.A. [In the press, 

Propertius. — SELECT POEMS. Edited by Professor J. P. 
PosTGATE, M.A., Fellow of Trinity College, Cambridge. Second 
Edition, revised, dr. 

SalluSt. — CATILINA AND JUGURTHA. Edited by C. Meri- 
VALE, D.D., Dean of Ely. New Edition, carefully revised and 
enlarged, 4f. 6</. Or separately, 2J, 6</. each. 

BELLUM CATULINAE. Edited by A. M. CooK, M. A., Assist- 
ant Master at St. Paul's School. 4^. 6rf. 

JUGURTHA. By the same Editor. \Tn preparation, 

Sophocles. — ANTIGONE. Edited by Rev. John Bond, M. A., 
and A. S. Walpole, M.A. [In preparation, 

Tacitus. — AGRICOLA AND GERMANIA. Edited by A. J. 
Church, M.A., and W. J. Brodribb, M.A., Translators of 
Tacitus. New Edition, 3J. 6//. Or separately, 2s, each. 

THE ANNALS. BOOK VI. By the same Editors. %5, 6d, 

THE HISTORIES. BOOKS I. and II. Edited by A. D. 

GODLEY. M.A. 5^. 

THE ANNALS. BOOKS L and IL Edited by J. S. Reid, 
M.L., LiTT.D. [In preparation, 

Terence. — HAUTON TIMORUMENOS. Edited by E. S. 
Shuckburgh, M.A. 3J. With Translation, 41. 6d, 
PHORMIO. Edited by Rev. John Bond, M.A., and A. S. 
Walpole, M.A. 4^. 6d, 
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Thucydides. BOOK IV. Edited by C. E. GitAYES, M.A., 
Classical LecCmcr, and krte Fellow of St. John's College) 
Cambridge. $r, 

BOOKS L IL IIL AXD V. Br the same Editor. To be pnblished 
separatelj. [/« fneparatum. {Book V, in tkefrtss,) 

BOOKS VI. AND Vn. THE SICILIAN EXPEDITION. Edited 
l^ the Rer. Percival FkosT, M.A., late Fellow of St John's 
Coll^oe, Cambridge. New Edition, revised and enlarged^ with 
Map. 5/. 

TibuUus. — SELECT POEMS. Edited by Professor J. P. 
POSTGATB, BCA. [In prepanOion, 

Virgil. — iENEID. BOOKS H. Ain) IIL THE NARRATIVE 
OF iENEAS. Edited by E. W. HowsON, M.A., Fellow of King's 
College, Cambridge, and Assistant-Master at Harrow. 3^. 

Xenophon. — HELLENICA, BOOKS L and IL Edited by 
H. Hailstone, B.A., late Scholar of .Peterhoose, Cambridge. 
With Map. 4r. 6d, 

CYROPiEDIA. BOOKS VII. and VIIL Edited by Alfred 
Goodwin, M.A., Professor of Greek in University College, 
London, ^s. 

MEMORABILIA SOCRATIS. Edited by A. R. Cluer, B.A, 
Balliol College, Oxford. 6^. 

THE ANABASIS. BOOKS I.— IV. Edited by Professors W. W. 
Goodwin and J. W. White. Adapted to Goodwin's Greek 
Grammar. With a Map. 5x. 

HIERO. Edited by Rev. H. A. Holden, M.A., LL.D. 3*. 6</. 

OECONOMICUS. By the same Editor, \yith Introduction, 
Explanatory Notes, Critical Appendix, and Lexicon, dr. 

*#* Other Volumes wW follow. 



CLASSICAL LIBRARY. 

(i) Texts, Edited with Introductions and Notes* 
for the use of Advanced Students. (2) Commentaries 
and Translations. 

-/Eschylus.— THE EUMENIDES. The Greek Text, with 
Introduction, English Notes, and Verse Translation. By Bernard 
Drake, M.A., late Fellow of King's College, Cambridge. 
8vo. $s. 
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-ffischylus.— AGAMEMNON, CHOEPHORCE, AND EUME- 
NIDES. Edited, with Introduction and Notes, by A. 0. 
Prickard, M.A., Fellow and Tutor of New College, Oxford. 
8vo. [In preparation, 

AGAMEMNO. Emendavit David S. Margoliouth, Coll. Nov. 
Oxon. Soc. Demy 8vo. 2s. 6d. 

THE ** SEVEN AGAINST THEBES." Edited, with Introduc- 
tion, Commentary, and Translation, by A. W. Verrall, M.A., 
Fellow of Trinity College, Cambridge. 8vo. 7^. 6d, 

Antoninus, Marcus Aurelius. — book iv. of the 

MEDITATIONS. The Text Revised, with Translation and 
Notes, by Hastings Crossley, M.A., Professor of Greek in 
Queen's College, Belfast. Svo. 6s, 

Aristotle.— THE METAPHYStCS. BOOK L Translated by 
a Cambridge Graduate. Svo. $s, [Book II, in preparation, 

THE POLITICS, Edited, after Susemihl, by R. D. Hicks, 
M.A., Fellow of Trinity College, Cambridge. Svo. 

\In tke press. 

THE POLITICS. Translated by Rev. J. E. C. Welldon, M.A., 
Fellow of King's College, Cambridge, and Head-Master of 
Harrow School. Crown Svo. iqs, 6d, 

THE RHETORIC. Translated with an Analysis and Critical 
Notes, by the same. Crown Svo. ^s. 6d, 

AN INTRODUCTION TO ARISTOTLE'S RHETORIC. 
With Analysis, Notes, and Appendices. By E. M. Cope, Fellow 
and Tutor of I'rinity College, Cambridge. Svo. 14J. 

THE SOPHISTICI ELENCHI. With Translation and Notes 
by E. PosTE, M.A., Fellow of Oriel College, Oxford. Svo. Sj. 6d. 

Aristophanes. — THE BIRDS. Translated into English Verse, 
with Introduction, Notes, and Appendices, by B. H. Kennedy, 
D.D., Regius Professor of Greek in the University of Cambridge. 
Crown Svo. 6s. Help Notes to the same, for the use of 
Students, is, 6d, 

Attic Orators.— FROM ANTIPHON TO ISAEOS. By 

R. C. Jebb, M.A., LL.D., Professor of Greek in the University 
of Glasgow. 2 vols. Svo. 25J. 

SELECTIONS FROM ANTIPHON, ANDOKIDES, LYSIAS, 
ISOKRATES, AND ISAEOS. Edited, with Notes, by Pro- 
fessor Jebb. Being a companion volume to the preceding work. 
Svo. I2s, 6d, 
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BabnuS. — ^Edited, with Introductory Dissertations, Critical Notes* 
Commentary and Lexicon. By Rev. W. Gunion Rutherford, 
M.A., LL.D., Head-Master of Westminster School. 8vo. I2s, 6d. 

Cicero.— THE ACADEMICA. The Text revised and explained 
by J. S. Reid, M.L., Litt.D., Fellow of Caius College, Cam- 
bri^e. 8vo. 15/. 

THE ACADEMICS. Translated by J. S. Reid, M.L. 8vo. Sj. 6d. 

SELECT LETTERS. After the Edition of Albert Watson, 
M.A. Translated by G. E. Jeans, M.A., Fellow of Hertford 
College, Oxford, and Assistant-Master at Haileybury. 8vo. 
SOS. 6d. 

(See also Classical Series,) 

Euripides. — MEDEA. Edited, with Introduction and Notes, by 
A. W. Verrall, M.A., Fellow and Lecturer of Trinity College. 
Cambridge. 8vo. Js. 6d. 

IPHIGENIA IN AULIS. Edited, with Introduction and Notes, 
by E. B. England, M.A., Lecturer in the Owens College, 
Manchester. Svo. [/« preparation, 

INTRODUCTION TO THE STUDY OF EURIPIDES. By 
Professor J. P. Mahaffy. Fcap. Svo. is, 6d, {Classical Writers 
Series.) 

(See also Classical Series,) 

Herodotus.— BOOKS i.—iiL the ancient empires 

OF THE EAST. Edited, with Notes, Introductions, and Ap- 
pendices, by A. H. Sayce, Deputy-Professor of Comparative 
Philology, Oxford; Honorary LL.D., Dublin. Demy 8vo. 16s, 

BOOKS IV.— IX. Edited by Reginald W. Macan, M.A., 
Lecturer in Ancient History at Brasenose College, Oxford. Svo. 

[/» preparcUion, 

Homer. — the ILIAD. Edited, with iHtroduction and Notes, 
by Walter Leaf, M.A., late Fellow of Trinity College, Cam- 
bridge. Svo. Vol. I. Books I. — XII. 14J. [Vol. II. in preparation 
THE ILIAD. Translated into English Prose. By Andrew 
Lang, M.A., Walter Leaf, M.A., and Ernest Myers, M.A. 
Crown Svo. I2j. dd. 

THE ODYSSEY. Done into English by S. H. Butcher, M.A., 
Professor of Greek in the University of Edinburgh, and Andrew 
Lang, M.A., late Fellow of Merton College, Oxford. Fifth 
Edition, revised and corrected. Crown Svo. loj. 6rf. 

INTRODUCTION TO THE STUDY OF HOMER. By the 
Right Hon. W, E. Gladstone, M.P. iSmo. \s. {Litn'a'vre 
Primers. ) 
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Homer. — HOMERIC dictionary. For Use in Schools and 
Colleges. Translated from the German of Dr. G. Autenrieth, 
with Additions and Corrections, by R. P. Keep, Ph.D. With 
numerous Illustrations. Crown 8vo. 6x. 

(See also Classical Series,) 

Horace. — the works of horace rendered into 

ENGLISH PROSE. With Introductions, Running Analysis, 
Notes, &c. By J. Lonsdale, M.A., and S. Lee, M. A. {Globe 
Edition,) 3^. 6d, 

STUDIES, LITERARY AND HISTORICAL, IN THE ODES 
OF HORACE. By A. W. Verrall, Fellow of Trinity Collie, 
Cambridge. Demy 8vo. &r. 6d, 

(See also Classical Series.) 

Juvenal.— THIRTEEN SATIRES OF JUVENAL. With a 
Commentary. By John E. B. Mayor, M.A., Professor of Latin 
in the University of Cambridge, Crown 8vo. 

\* Vol. I. Fourth Edition, Revised and Enlarged. lor. 6d. 
Vol. II. Second Edition. lor. 6d, 

*^* The new matter consists of an Introduction (pp. i — 53), Addi- 
tional Notes (pp. 333 — ^466) and Index (pp. 467 — 526). It is also 
issued separately, as a Supplement to the previous edition, at 5^. 

THIRTEEN SATIRES. Translated into English after the Text 
of J. E. B. Mayor by Alexander Leeper, M.A., Warden of 
Trinity College, in the University of Melbourne. Crown 8vo. 
3J. 6d, 

(See also Classical Series. \ 

Livy. — BOOKS L— IV. Translated by Rev. H. M. Stephenson, 
M. A., Head Master of St. Peter's School, York. [In preparation. 
BOOKS XXL— XXV. Translated by Alfred John Church, 
M.A., of Lincoln Collejje, Oxford, Professor of Latin, University 
College, London, and William Jackson Brodribb, M. A., late 
Fellow of St. John's College, Cambridge. Cr. 8vo. *js, 6d.. 

INTRODUCTION TO THE STUDY OF LIVY. By Rev. 
W. W. Capes, Reader in Ancient History at Oxford. Fcap. 8vo. 
IX. 6d, {Classical Writers Series.) 

(See also Classical Series,) 

Martial. — BOOKS I. and II. OF THE EPIGRAMS. Edited, 
with Introduction and Notes, by Professor J, E. B. Mayor, M. A. 
8vo. [In the press, 

(See also Classical Series). 

Pausanias. — description of Greece. Translated by 
J. G. Frazer, M.A., Fellow of Trinity College, Cambridge. 

[In preparation. 
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Phrynichua— THE NEW PHRYNICHUS ; being a Revised 
Text* of the Ecloga of the Grammarian Phrynic^us. With Intro* 
duction and Commentary by Rev. W. Gunion Rutherford, 
M.A., LL.D., Head Master of Westminster School. 8vo. i&r. 

Pindar. — the extant odes of PINDAR. Translated 
into English, with an Introduction and short Notes, by Ernest 
Myers, M. A., late Fellow of Wadham College, Oxford. Second 
Edition. Crown 8vo. 5j. 

the olympian and PYTHIAN ODES. Edited, with an 
Introductory Essay, Notes, and Indexes, by Basil Gildersleeve, 
Professor of Greek in the Johns Hopkins University, Baltimore. 
Crown 8vo. 7^. 6d, 

Plato. — PH-^DO. Edited, with Introduction, Notes, and Appen- 
dices, by R. D. Archer-Hind, M.A., Fellow of Trinity College. 
Cambridge. 8vo. 8j. 6d, 

TIMiEUS. — Edited, with Introduction and Notes, by the same 
Editor. 8vo. [/« the press. 

PHiEDO. Edited, with Introduction and Notes, by W. D. Geddes, 
LL.D., Principal of the University of Aberdeen. Second Edition. 
Demy 8vo. %s. 6d» 

PHILEBUS. Edited, with Introduction and Notes, by PIenry 
Jackson, M.A., Fellow of Trinity College, Cambridge. 8vo. 

[In preparation, 

THE REPUBLIC— Edited, with Introduction and Notes, by 
H. C. GooDHART, M.A., Fellow of Trinity College, Cam- 
bridge. 8vo [In preparation, 

THE REPUBLIC OF PLATO. Translated into EngUsh, with an 
Analysis and Notes, bv J. Ll. Davies, M.A., and D. J. Vaughan, 
M.A. i8mo. 4^. 6d, 

EUTHYPHRO, APOLOGY, CRITO, AND PH^DO. Trans- 
lated by F. J. Church. i8mo. 4f. 6d, 

PHuEDRUS, LYSIS, AND PROTAGORAS. Translated by 
Rev. J. Wright, M. A. [New edition in preparation, 

(See also Classical Series,) 

PlautUiS.— THE MOSTELLARIA OF PLAUTUS. With Notes, 
Prolegomena, and Excursus. By William Ramsay, M.A., 
formerly Professor of Humanity in the University of Glasgow. 
Edited by Professor George G. Ramsay, M.A., of the University 
of Glasgow. 8vo. 14;. 

(See also Classical Series,) 

Polybius. — THE HISTORIES. Translated, with Introduction 
and Notes, by E. S. Shuckburgh, M.A. 8vo. [In preparation. 
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SalluSt— CATILINE AND JUGURTHA. Translated, with 
Introductory Essays, by A. W. Pollard, B.A. Crown 8vo. 6s, 
THE CATILINE (separately). Crown 8vo. 31. 

(See also Classical Ser Us.) 

Sophocles.— CEDIPUS THE KING. Translated from the 
Greek of Sophocles into English Verse by E, D. A. Morshead, 
M.A., late Fellow of New College, Oxford; Assistant Master at 
Winchester College. Fcap. 8vo. 3J. 6d, 

Studia Scenica. — Part L, Section I. Introductory Study on 
the Text of the Greek Dramas. The Text of SOPHOCLES* 
TRACHINIAE, 1-300. By David S. Margouovth, Fellow 
of New College, Oxford. Demy 8vo. 2s, 6d. 

Tacitus. — ^THE ANNALS. Edited, with Introductions and 
Notes, by G. O. Holbrooke, M.A., Professor of Latin in Trinity 
CoUege, Hartford, U.S.A. With Maps. 8vo. idf. 

THE ANNALS. Translated by A. J. Church, M.A., and W.J. 
Brodribb, M.A. With Notes and Maps. New Edition. Cr. 8vo. 

THE HISTORIES. Edited, with Introduction and Notes, by 
Rev. W. A. Spooner, M.A., Fellow of New College, and 
H. M. Spooner, M.A., formerly Fellow of Magdalen Collie, 
Oxford. 8vo. \ln preparation, 

THE HISTORY. Translated by A. J. Church, M. A., and W. 
J. Brodribb, M.A. With Notes and a Map. Crown 8vo. 6s. 

THE AGRICOLA AND GERMANY, WITH THE DIALOGUE 
ON ORATORY. Translated by A. J. Church, M.A., and 
W. J. Brodribb, M.A. With Notes and Maps. New and 
Revised Edition. Crown 8vo. 41. 6d. 

INTRODUCTION TO THE STUDY OF TACITUS. By 
A. J. Church, M.A. and W. J. Brodribb, M.A. Fcap. 8va 
I J. 6d. {Classical Writers Series.) 

Theocritus, Bion, and Moschus. Rendered into English 
Prose with Introductory Essay by A. Lang, M.A. Crown 8vo. dr. 

Virgil.— THE WORKS OF VIRGIL RENDERED INTO 
ENGLISH PROSE, with Notes, Introductions, Running Analysis, 
and an Index, by James Lonsdale, M.A., and Samuel Lee, 
M.A. New Edition. Globe 8vo. 3^.6^. 

THE -«NEID. Translated by J. W. Mackail, M.A., Fellow of 
Balliol College, Oxford. Crown 8vo. 7j. 6d. 
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GRAMMAR, COMPOSITION, & PHILOLOGY. 

Belcher. — short exercises in latin prose com- 

POSITION AND EXAMINATION PAPERS IN LATIN 
GRAMMAR, to which is prefixeij a Chapter on Analysis of 
Sentences. By the Rev. H. Belcher, M.A., Rector of the High 
School, Dunedin, N.Z. New Edition. i8mo. u. 6d. 

KEY TO THE ABOVE (for Teachers only). 35. 6d. 

SHORT EXERCISES IN LATIN PROSE COMPOSITION. 
Part II., On the Syntax of Sentences, with an Appendix, includ- 
ing EXERCISES IN LATIN IDIOMS, &c. i8mo. 2s. 

KEY TO THE ABOVE (for Teachers only). 35. 

Blackie. — GREEK AND ENGLISH DIALOGUES FOR USE 
IN SCHOOLS AND COLLEGES. By John Stuart Blackie, 
Emeritus Professor of Greek in the University of Edinburgh. 
New Edition. Fcap. 8vo. 2s. 6d. 

Bryans.— LATIN prose exercises based upon 

CAESAR»S GALLIC WAR. With a Classification of Csesar's 
Chief Phrases and Grammatical Notes on Csesar's Usages. By 
Clement Bryans, M.A., Assistant-Master in Dulwich College. 
Second Edition, Revised and Enlarged. Extra fcap. 8vo. 2J. 6ii, 

KEY TO THE ABOVE (for Teachers only). 3^. 6ci. 

GREEK PROSE EXERCISES based upon Thucydides. By the 
same Author. Extra fcap. 8vo. [in preparation, 

Colson.— A FIRST GREEK READER. By F. H. Colson, 
M.A., Fellow of St. John's College, Cambridge, and Senior 
Classical Master at Bradford Grammar School. Globe 8vo. 

[In preparation* 

Eicke. — FIRST LESSONS IN LATIN. By K. M. Eicke, B.A., 
Assistant-Master in Oundle School. Globe 8vo. 25. 

Ellis.— PRACTICAL HINTS ON THE QUANTITATIVE 
PRONUNCIATION OF LATIN, for the use of Classical 
Teachers and Linguists. By A. J. Ellis, B.A., F.R.S. Extra 
fcap. 8vo. 4J. 6^. 

England. — EXERCISES ON latin syntax and idiom- 
arranged WITH REFERENCE TO ROBY'S SCHOOL 
LATIN GRAMMAR. By E. B. England, M.A., Assistant 
Lecturer at the Owens College, Manchester. Crown 8vo. 2j. (id, 
YjSTj for Teachers only, 2J. 6d, 
Goodwin. — Works by W. W. Goodwin, LL.D., Professor of 
Greek in Harvard University, U.S.A. 

SYNTAX OF THE MOODS AND TENSES OF THE GREEK 
VERB. New Edition, revised. Crown 8vo. dr. 6df. 

A GREEK GRAMMAR. New Edition, revised. Crown 8vo. 6j. 

**It is the best Greek Grammar of its size in the English language. **<— 

A.THBNi1tUM. 
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Goodwin.—A GREEK GRAMMAR FOR SCHOOLS. Crown 
8vo. 3J. 6d. 

Greenwood.— THE elements of greek grammar, 

including Accidence, Irregular Verbs, and Principles of Dmva- 
tion and Composition ; a£ipted to the Syst^n of Crude Forms. 
By J. G. Greenwood, Principal of Owens College, Manchester. 
New Edition. Crown 8vo. 5x. 6d, 

Hadley and Allen. — a GREEK GRAMMAR FOR 

schools and COLLEGES. By James Hadley, late 
Professor in Yale College. Revised and in part Rewritten by 
Frederic de Forest Allen, Professor in Harvard CoU^. 
Crown 8vo. dr. 

Hodgson. — mythology for latin VERSIFICATION. 

A brief Sketch of the Fables of the Ancients, prepared to be 
rendered into Latin Verse for Schools. By F. Hodgson, B.D., 
late Provost of Eton. New Edition, revised by F. C. Hodgson, 
M.A. i8mo. y, 

Jackson. — first steps to greek prose COMPOSL 

TION. By Blomfield Jackson, M.A., Assistant-Master in 

King's College School, ILondon. New Edition, revised and 

enlarged. i8mo. is. 6d, 
KEY TO FIRST STEPS (for Teachers only). i8mo. 3j. 6d. 
SECOND STEPS TO GREEK PROSE COMPOSITION, with 

Miscellaneous Idioms, Aids to Accentuation, and Examination 

Papers in Greek Scholarship. l8mo. 2s. 6d, 
KEY TO SECOND STEPS (for Teachers only). i8mo. y. 6d. 

Kynaston.— EXERCISES IN THE COMPOSITION OF 
greek iambic VERSE by Translations from English Dra- 
matists. By Rev. H. Kynaston, D.D., Principal of Cheltenham 
College. With Introduction, Vocabulary, &c. New Edition, 
revised and enlarged. Extra fcap. 8vo. 5^. 
KEY TO THE SAME (for Teachers only). Extra fcap. 8va 4J. 6d, 

Lupton. — AN INTRODUCTION TO LATIN ELEGIAC 
VERSE COMPOSITION. By T. H. Lupton, M. A., Sur-Master 
of St. Paul's School, and formerly Fellow of St. John's College, 
Cambridge. 2s. 6d. 

LATIN RENDERING OF THE EXERCISES IN PART 11. 
(XXV. -C). y.6d. 

AN INTRODUCTION TO THE COMPOSITION OF LATIN 
LYRICS. By the same Author. [In preparation. 

Mackie. — PARALLEL PASSAGES FOR TRANSLATION 
INTO GREEK AND ENGLISH. Carefully graduated for the 
use of Colleges and Schools. With Indexes. By Rev. Ellis C. 
Mackie, Classical Master at Heversham Grammar School. Globe 
8vo. 4J. 6d. 
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MacmiUan. — first latin grammar. By m. c. Mac- 

MILLAN, M.A., late Scholar of Christ's College, Cambridge; 
sometime Assistant-Master in St. Paul's School. New Edition, 
enlarged. Fcap. 8vo. is. 6d. A Short Syntax is in prepara- 
tion to follow the Accidence. 

Macmillan's Latin Course, first part. By a, m. 

Cook, M.A., Assistant-Master at St. Paul's School Globe 8vo. 
2s, 6d, *^*The Second Part is in preparation 

Macmillan's Shorter Latin Course. By A. M. Cook, 

M.A., Assistant-Master at St. Paul's School. Being an abridgement 
of *• Macmillan's Latin Course," First Year. Globe 8vo. ix. (id. 

Marshall.— -A table of irregular greek verbs, 

classified according to the arrangement of Curtius's Greek Grammar. 
By J. M. Marshall, M.A., Head Master of the Grammar 
School, Durham. New Edition. 8vo. \s. 

Mayor (John E. B.) — first greek reader. Edited 

after Karl Halm, with Corrections and large Additions by Pro- 
fessor John E. B. Mayor, M.A., Fellow of St. John's College, 
Cambridge. New Edition, revised. Fcap, 8vo. 4J. 6d, 

Mayor (Joseph B.) — GREEK FOR BEGINNERS. By the 
Kev. J. B. Mayor, M.A., Professor of Classical Literature in 
King's College, London. Part I., with Vocabulary, \s. 6d. 
Parts II. and III., with Vocabulary and Index, 3^. 6d, Complete 
in one Vol. fcap. 8vo. 4J. 6d, 

Nixon. — PARALLEL EXTRACTS, Arranged for Translation into 
English and Latin, with Notes on Idioms. By J. E. Nixon, 
M. A., Fellow and Classical Lecturer, King's College, Cambridge. 
Part I. — Historical and Epistolary. New Edition, revised and 
enlarged. Crown 8vo. 35. 6d. 
PROSE EXTRACTS, Arranged for Translation into English and 
Latin, with CJeneral and Special Prefaces on Style and Idiom. 
I. OratoricaL 11. Historical. III. Philosophical and Miscella- 
neous. By the same Author. Crown 8vo. 3^. 6d, 

♦^* Translations of Select Passages supplied by Author only, 

Peile. — A PRIMER OF PHILOLOGY. By J. Peile, M.A., 
Fellow and Tutor of Christ's College, Cambridge. i8mo. is. 

Postgate and Vince.— a dictionary of latin 

ETYMOLOGY. By J. P. Postgatk, M.A., and C. A. Vince, 
M.A. [In preparation. 

Potts (A. W.) — Works by Alexander W. Potts^ M.A., 
LL.D., late Fdlow of St. John's College, Cambridge; Head 
Master of th« Fettes College, Edinburgh. 
HINTS TOWARDS LATIN PROSE COMPOSITION. New 
Edition. Extra fcap. 8vo. 3;. 

t % 
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Potts.— PASSAGES FOR TRANSLATION INTO LATIN 
PROSE. Edited with Notes and References to the above. New 
Edition. Extra fcap. 8vo. 2j. 6d, 
LATIN VERSIONS OF PASSAGES FOR TRANSLATION 
INTO LATIN PROSE (for Teachers only). 2s. 6d. 

Reid.— A 'GRAMMAR OF TACITUS. By J. S. Rkid, M.L., 
Fellow of Caius College, Cambridge. [In preparation. 

A GRAMMAR OF VERGIL. By the same Author. 

\Iu preparation* 
*^* Similar Grammars to other Classical Authors wiU probably foliffw. 

Roby.— A GRAMMAR OF THE I,ATIN LANGUAGE, from 

Plautus to Suetonius. By H. J. Roby, M.A., late Fellow of St. 

John's College, Cambridge. In Two Parts. Fifth Edition. 

Part I. containing: — Book I. Sounds. Book II. Inflexions. 

Book III. Word-formation. Appendices. Crown 8vo. ^x. 

Part II. Syntax, Prepositions, &c. Crown 8vo. lOf. td, 

" Marked by the clear and practised insight of a master in bis art. A book that 
would do honour to any country.** — ^.A.THBNiUUM. 

SCHOOL LATIN GRAMMAR. By the same Author. Crown 
8vo. 5j. 

Rush.— SYNTHETIC LATIN DELECTUS. A First Latw 
Construing Book arranged on the Principles of Grammatical 
Analysis. With Notes and Vocabulary. By E. Rush, B.A 
With Preface by the Rev. W. F. MouLTON, M. A., D.D. New 
and Enlai-ged Edition. Extra fcap. 8yo. 2J. 6^. 

Rust. — First steps to latin prose composition. 

By the Rev. G. RusT, M.A., of Pembroke College, Oxford, 
Master of the Lower School, King's College, London. New 
Edition. i8mo. u. dd. 

KEY TO THE ABOVE. By W. M. Yates, Assistant-Master m 
the High' School, Sale. i8mo. y. 6d. 

Rutherford. — Works by the Rev. W. GiJNiON Ruthbrford, 

M.A., LL.D., Head-Master of Westminster School. 
A FIRST GREEK GRAMMAR. New Edition, enlarged. Extra 

fcap. 8vo. is. 6d. 
REX LEX. A Short Digest of the principal Relations between 

Latin, Greek, and Anglo-Saxon Sounds. 8vo. [In preparation, 
THE NEW PHRYNICHUS; being a Revised Text of the 

Ecloga of the Grammarian Phrynichus. With Introduction and 

Commentary. 8vo. i8j. 

Simpson.— LATIN PROSE AFTER THE BEST AUTHORS. 
By F. P. Simpson, B.A., late Scholar of Balliol Collie, Oxford. 
Part I. CiESARIAN PROSE. Extra fcap. 8vo. 2s. 6d, 

KEY TO THE ABOVE, for Teachers only. Extra fcap. 8vo. 5j. 



CLASSICAL PUBLICATIONS. 21 

Thriug. — Works by the Rev. E. Thring, M.A., Head-Master of 
Uppingham School. 

A LATIN GRADUAL. A First Latin Construing Book for 
Beginners. New Edition, enlarged, with Coloured Sentence 
Maps. Fcap. 8vo. 2s, 6d, 

A MANUAL OF MOOD CONSTRUCTIONS. Fcap. 8vo. I5.6d, 

White.— FIRST LESSONS IN GREEK. Adapted to GOOD- 
WIN'S GREEK GRAMMAR, and designed as an introduction 
to the ANABASIS OF XENOPHON. By John Williams 
White, Ph.D., Assistant-Professor of Greek in Harvard Univer- 
sity. Crown 8vo. 4J. 6d. 

Wilkins and Strachan. — PASSAGES FOR TRANSLA- 
TION FROM GREEK AND LATIN. Selected and Arranged 
by A. S. Wilkins, M.A., Professor of Latin, and J. Strachan, 
M.A., Professor of Gre6k, in the Owens College, Manchester. 

[In the press, 

Wright. — Works by J. Wright, M.A., late Head Master of 

Sutton Coldfield School. 

A HELP TO LATIN GRAMMAR ; or. The Form and Use of 

Words in Latin, with Progressive Exercises. Crown 8vo. 45. 6d, 

THE SEVEN KINGS OF ROME. An Easy Narrative, abridged 
from the First Book of Livy by the omission of Difficult Passages ; 
being a First Latin Reading Book, with Grammatical Notes and 
Vocabulary. New and revised Edition. Fcap. 8vo. 35. 6d, 

FIRST LATIN STEPS ; OR, AN INTRODUCTION BY A 
SERIES OF EXAMPLES TO THE STUDY OF THE 
LATIN LANGUAGE. Crown 8vo. ^s, 

ATTIC PRIMER. Arranged for the Use of Beginners. Extra 

fcap. 8vo. 2s. 6d, 
A COMPLETE LATIN COURSE, comprising Rules with 

Examples, Exercises, both Latin and English, on each Rule, and 

Vocabularies. Crown 8vo. 2s. 6d, 

Wright (H. C.)— EXERCISES ON THE LATIN SYNTAX. 
By Rev. H. C. Wright, B.A., Assistant- Master at Haileybury. 
College. l8mo. [In preparation. 



ANTIQUITIES, ANCIENT HISTORY, AND 

PHILOSOPHY. 

Arnold. — Works by W. T. Arnold, M. A. 
A HANDBOOK OF LATIN EPIGRAPHY. \Tn preparation. 
THE ROMAN SYSTEM OF PROVINCIAL ADMINISTRA- 

TION TO THE ACCESSION OF CONSTANTINE THE 

GREAT. Crown 8vo. 6j. 
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Amold(T.)— THE SECOND PUNIC WAR, Bemg Chaptosof 
THE HISTORY OF ROME. By the late Thomas Arnold, 
D.D., formerly Head Master of Rugby School, and Regius Professor 
of Modem History in the University of Oxford. Edited, with Notes, 
by W. T. Arnold, M.A. With 8 Maps. Crown 8vo. &. dd, 

Beesly.— STOHIES FROM THE HISTORY OF ROME. 

By Mrs. Bersly. Fcap. 8vo. 2j. 6d, 
Classical Writers. — Edited by John Richard Green, M.A., 

LL.D. Fcap. 8vo. is, 6d. each. 
EURIPIDES. By Professor Mahaffv. 
MILTON. By the Rev. Stopford A. Brooke, M.A. 
LIVY. By the Rev. W. W. Capes, M.A. 
VIRGIL. By Professor Nettleship, M.A. 
SOPHOCLES. By Professor L. Campbell, M.A. 
DEMOSTHENES. By Professor S. H. Butcher, M.A. 
TACITUS. By Professor A. J. Church, M.A., and W. J. 

Brodribb, M.A. 

Freeman. — HISTORY OF ROME. By Edward A. Free- 
man, D.C.L., LL.D., Hon. Fellow of Trinity College, Oxford, 
Regius Professor of Modem History in the University of Oxford. 
{Historical Course far Schools.) i8mo. [In preparatUm, 

A SCHOOL HISTORY OF ROME. By the same Author. 
Crown 8vo. [In pr^aration, 

HISTORICAL ESSAYS. Second Series. [Greek and Roman 
History.] By the same Author. 8vo. los, 6tl. 

Fyffe.— A SCHOOL HISTORY OF GREECE. By C. A. 
Fyffe, M.A. Crown 8vo. [In pnparaiion, 

Geddes. — the problem of the Homeric poems. 

By W. D. Geddes, Principal of the University of Aberdeen. 
8vo. 14J. 

Gladstone. — Works by the Rt. Hon. W. E. Gladstone, M.P. 
THE TIME AND PT^ACE OF HOMER. Crown 8vo. ts, 6d. 
A PRIMER OF HOMER. i8mo. is. 

Jackson. ~A manual of greek philosophy. By 

Henry Jackson, M.A., Litt.D., Fellow and Praelector in Ancient 
Philoiophy, Trinity College, Cambridge. [In preparation, 

Jebb. — Works by R. C. Jebb, M.A., LL.D., Professor of Greek 

in the University of Glasgow. 
THE ATTIC ORATORS FROM ANTIPHON TO ISAEOS. 

2 vols. 8vo. 25J. 
SELECTIONS FROM THE ATTIC ORATORS, ANTIPHON, 

ANDOKIDES, LYSIAS, ISOKRATES, AND ISAEOS. 

Edited, with Notes. Being a companion volume to the preceding 

work. 8vo. 1 2 J. 6t/. 
A PRIMER OF GREEK LITERATURE. i8mo. is. 
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Kiepert. — manual of ancient geography. Trans- 
lated from the German of Dr. Heinrich Kiepert. Crown 8vo. 51. 

Mahaffy. — Works by J. P. Mahaffy, M. A., Fellow and Professoi 

of Andent History in Trinity College, Dublin, and Hon. Fellow 

of Queein's College, Oxford. 
SOCIAL LIFE IN GREECE; from Homer to Menander. 

Fifth Edition, revised and enlarged. Crown 8vo. gs. 
RAMBLES AND STUDIES IN GREECE. With Illustrations. 

Third Edition, Revised and Enlarged. With Map. Crown 8vo. 

I or. 6d, 
A PRIMER OF GREEK ANTIQUITIES. With Illustrations. 

iSmo. IS, 
EURIPIDES. l8mo. is. 6d. {Classical Writtrs Senes.) 

Mayor (J. E. B.)— bibliographical clue to latin 

LITERATURE. Edited after HCbner, with large Additions 
by Professor John E. B. Mayor. Crown 8vo. los. 6d. 
Newton. — essays in art and archeology. By 
C. T. Newton, C.B., D.C.L., Professor of Archaeology in 
University College, London, and formerly Keeper of Greek and 
Roman Antiquities at the British Museum. 8vo. 12s. 6d, 

Ramsay. — a school history of rome. By g. g. 

Ramsay, M.A., Professor of Himianity in the University of 
Glasgow. With Maps. Crown 8vo. {In preparation. 

Sayce. — the ancient empires of the east. By 

A. H. Sayce, Deputy-Professor of Comparative Philosophy, 
Oxford, Hon. LL.D. Dublin. Crown 8vo. 6s. 

Stewart.— THE tale of troy. Done into English by 
Aubrey Stewart, M.A., late Fellow of Trinity College, 
Cambridge. Globe 8vo. 35. 6d. 

Wilkins. — A PRIMER OF ROMAN ANTIQUITIES. By 
Professor WiLKiNS, M.A., LL.D. Illustrated. i8mo. is. 
A PRIMER OF LATIN LITERATURE. By the same Author. 

[/« preparation. 



MATHEMATICS. 

(i) Arithmetic and Mensuration, (2) Algebra, 
(3) Euclid and Elementary Geometry, (4) Trigo- 
nometry, (5) Higher Mathematics. 

ARITHMETIC AND MENSURATION. 

Aldis.— THE GREAT GIANT ARITHMOS. A most Elementary 
Arithmetic for Childn n. By Mary Steadman Aldis. With 
Illustratioiis. Globe 8vo. zs. 6d, 
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Brook-Smith (J.).— arithmetic in theory and 

PRACTICE. By J. Brook-Smith, M.A., LL.B., St. John's 
College, Cambridge ; Bamster-at-Law ; one of the Masters of 
Cheltenham College. New Edition, revised. Crown 8vo. 4J. 6d, 
Candler. — help to arithmetic. Designed for the use of 
Schools. By H. Candler, M.A., Mathematical Master of 
Uppingham School. Second Edition. Extra fcap. 8vo. . 2s, 6d. 

Dalton. — rules and examples in arithmetic. By 

the Rev. T. Dalton, M.A., Assistant-Master in Eton Collie. 
New Edition. i8mo. 2s, 6d, 

[Answers to the Examples are appended. 
Lock.— ARITHMETIC FOR SCHOOLS. By Rev. J. B. Lock, 
M.A., Senior Fellow, Assistant Tutor, and Lecturer of Cains 
College, Cambridge, formerly Assistant-Master at Eton. With 
Answers and 1000 additional Examples for Exercises. Globe 8vo. 
4f. 6d. Or in Two Parts : — Part I. Up to and including Practice, 
with Answers. Globe 8vo. 2J. Part II. With Answers and 
1000 additional Examples for Exercise. Globe 8vo. 35, 

*^* The complete book and both parts can also be obtained without 
answers at the same pricCy thouj^h in different binding. But the edition 
with answers will always be supplied unless the other is specially asked for, 

Pedley.— EXERCISES in arithmetic for the Use of 
Schools. Containing more than 7,000 original Examples. By 
S. Pedley, late of Tamworth Grammar School. Crown 8vo. 5x. 
Also in Two Parts 2s. 6d. each. 

Smith. — Works by the R/ev. Barnard Smith, M.A., late Rector 
of Glaston, Rutland, and Fellow and Senior Bursar of S. Peter's 
Collefje, Cambridge. 

ARITHMETIC AND ALGEBRA, in their Principles and Appli- 
cation ; with numerous systematically arranged Examples taken 
from the Cambridge Examination Papers, with especial reference 
to the Ordinary Examination for the B.A. Degree. New Edition, 
carefully Revised. Crown 8vo. ioj*. 6d, 

ARITHMETIC FOR SCHOOLS. New Edition. Cr. Syo.^s. 6^1, 

A KEY TO THE ARITHMETIC FOR SCHOOLS. New 
Edition, Crown 8vo. 8^. 6d. 

EXERCISES IN ARITHMETIC. Crown 8vo, limp cloth, 2s, 
With Answers, 2s. 6d. Answers separately, 6d, 

SCHOOL CLASS-BOOK OF ARITHMETIC. i8mo, cloth, y. 
Or sold separately, in Three Parts, is. each. 

KEYS TO SCHOOL CLASS-BOOK OF ARITHMETIC. 
Parts L, II., and III., 2s, 6d. each. 

SHILLING BOOK OF ARITHMETIC FOR NATIONAL 
AND ELEMENTARY SCHOOLS. i8mo, doth. Or sepa- 
rately, Part I. 2d. ; Part II. ^d. ; Part III. yd. Answers, 6d. 

THE SAME, with Answers complete. i8mo, cloth. . is, 6d, 
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Smith.— KEY TO SHILLING BOOK OF ARITHMETIC. 
l8mo. 4^. 6d, 

EXAMINATION PAPERS IN ARITHMETIC. i8mo. u. 6d. 
The same, with Answers, i8mo, 2s. Answers, 6d, 

KEY TO EXAMINATION PAPERS IN ARITHMETIC. 
i8mo. 4^. &d. 

THE METRIC SYSTEM OF ARITHMETIC, ITS PRIN- 
CIPLES AND APPLICATIONS, with numerous Examples, 
written expressly for Standard V. in National Schools. New 
Edition. i8mo, cloth, sewed. ^, 

A CHART OF THE METRIC SYSTEM, on a Sheet, size 42 in. 

by 34 in. on Roller, mounted and varnished. New Edition. 

Price 3^. 6d. 
Also a Small Chart on a Card, price id, 

EASY LESSONS IN ARITHMETIC, combining Exercises in 
Reading, Writing, Spelling, and Dictation. Part I. for Standard 
I. in National Schools. Crown 8vc. gd. 

EXAMINATION CARDS IN ARITHMETIC. (Dedicated to 

Lord Sandon.) With Answers and Hints. 
Standards I. and II. in box, is. Standards III., IV., and V., in 

boxes, IS, each. Standard VI. in Two Parts, in boxes, is, each. 

A and B papers, of nearly the same difficulty, are given so as to 
prevent copying, and the colours of the A and B papers differ in each 
Standard, and from those of every other Standard, so that a master 
or mistress can see at a glance whether the children have the proper 
papers. 

Todhunter.-— MENSURATION FOR BEGINNERS. By L 
ToDHUNTER, M.A., F.R.S., D.Sc, late of St John's College, 
Cambridge. With Examples. New Edition. i8mo. 2s, 6d, 
KEY TO MENSURATION FOR BEGINNERS. By the Rev. 
Fr. Lawrence McCarthy, Professor of Mathematics in St 
Peter's College, Agra. Crown 870. 'js, 6d. 



ALGEBRA. 

Dalton. — RULES AND EXAMPLES IN ALGEBRA. By the 
Rev. T. Dalton, M.A., Assistant-Master of Eton College. 
Part I. New Edition. i8mo. 2s. Part II. i8mo. 2s, 6d, 
*/ A Key to Part I. for Teachers only, *js. 6d. 

Hall and Knight.— ELEMENTARY ALGEBRA FOR 
SCHOOLS. By H. S. Hall, M.A., formerly Scholar of Christ's 
College, Cambridge, Master of the Military and Engineering Side, 
Clifton College ; and S. R. Knight, B.A., formerly Scholar of 
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Trinity College, Cambridge, late Assistant-Master at Marlboroagfa 

College. Second Edition, Revised and Corrected. Globe 8vo, 

bound in maroon coloured doth, y. 6d, ; with Answers, bound in 

green coloured cloth, 41. 6d. 
ALGEBRAICAL EXERCISES AND EXAMINATION PAPERS 

To accompany ELEMENTARY ALGEBRA. By the same 

Authors. Globe 8vo. 2s, 6d, 
HIGHER ALGEBRA. A Sequel to "ELEMENTARY 

ALGEBRA FOR SCHOOLS.'^ By the same Authors. 

Crown 8vo. {Skarily. 

Jones and Cheyne.— ALGEBRAICAL EXERCISES. Pro- 
gressively Arranged. By the Rev. C. A. Jones, M.A., and C. 
H. Cheyne, M.A., F.R.A.S., Mathematical Masters of West* 
minster School. New Edition. i8mo. 2s, td. 

Smith (Barnard).— ARITHMETIC AND ALGEBRA, m their 
Principles and Application ; with numerous systematically arranged 
Examples taken from the Cambridge Examination Papers, with 
especial reference to the Ordinary Examination for the B. A. Degree. 
By the Rev. Barnard Smith, M.A., late Rector of Glaston, Rut- 
land, and Fellow and Senior Bursar of St Peter's College, Cam- 
bridge. New Edition, carefully Revised. Crown 8vo. lOf. (id. 

Smith (Charles). — Works by Charles Smith, M.A., Fellow 
and Tutor of Sidney Sussex College, Cambridge. 
ELEMENTARY ALGEBRA. Globe 8vo. 4J. 6^. 
^ In this work the author has endeavoured to explain the principles of Algebra in as 
simple a manner as possible for the benefit of beginners, bestowing great care upon 
the explanations and proofs of the fundamental operations and rules. 

ALGEBRA FOR SCHOOLS AND COLLEGES. Crown 8vo. 

\In ihepresu 

Todhunter. — Works by L Todhunter, M.A., F.R.S., D.Sc, 

late of St. John's College, Cambridge. 
"Mr. Todhunter is chiefly known to Students of Mathematics as the author of a 
series of admirable mathematical text-books, which possess the rare qualities of being 
clear in style and absolutely free from mistakes, typographical or other." — Saturday 

K.KVIEW. 

ALGEBRA FOR BEGINNERS. With numerous Examples. 

New Edition. i8mo. 2J. dd, 
KEY TO ALGEBRA FOR BEGINNERS. Crown 8vo. 6j. (>d, 
ALGEBRA. For the Use of Colleges and Schools. New Edition. 

Crown 8vo. *js. 6d, 
KEY TO ALGEBRA FOR THE USE OF COLLEGES AND 

SCHOOLS. Crown 8vo. icw. 6d, 

EUCLID, & ELEMENTARY GEOMETRY. 

Constable.— GEOMETRICAL EXERCISES FOR BE- 
GINNERS. By Samuel Constable. Crown 8vo. 31. 6d* 
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Cuthbertson. — Euclidian geometry. By Francis 

CUTHBERTSON, M.A., LL.D., Head Mathematical Master of the 
City of London School. Extra fcap. 8vo. 4^. 6d, 

DodgSOH. — ^Worl?s by Charles L. Dodgson, M.A., Student and 
late Mathematical Lecturer of Christ Church, Oxford. 

EUCLID. BOOKS I. and II. Fourth Edition, with words sub- 
stituted for the Algebraical Symbols used in the First Edition. 
Crown 8vo. 2j. 

*»♦ The text of this Edition has been ascertained, by counting the words, to be 
less than five-sevenths of that contained in the ordinarj' editions. 

EUCLID AND HIS MODERN RIVALS. Second Edition. 
Crown 8vo. 6s. 

Eagles. — CONSTRUCTIVE GEOMETRY OF PLANE 
CURVES. By T, H. Eagles, M.A., Instructor in Geometrical 
Drawing, and Lecturer in Architecture at the Royal Indian En- 
gineering College, Cooper's Hill. With numerous Examples. 
Cro¥m Svo. I2J. 

Hall and Stevens. — a TEXT BOOK OF EUCLID'S 

ELEMENTS. Including alternative Proofs, together with additional 
Theorems and Exercises, classified and arranged. By H. S. 
Hall, M.A., formerly Scholar of Christ's College, Cambridge, 
and F. H. Stevens, M. A., formerly Scholar of Queen's College, 
Oxford : Masters of the Military and Engineering Side, Clifton 
College. Globe Svo. Part I., containing Books I. and II. 2J. 

Halsted.— THE elements of geometry. By George 
Bruce Halsted, Professor of Pure and Applied Mathematics 
in the University of Texas. Svo. 12^. 6d, 

Kitchener. — a geometrical NOTE-BOOK, containing 
Easy Problems in Geometrical Drawing preparatory to the Study 
of Geometry. For the Use of Schools. By F. E. Kitchener, 
M.A., Head-Master of the Grammar School, Newcastle, Stafford- 
shire. New Edition, 4to. 2J, 

Mault.— NATURAL GEOMETRY: an Introduction to the 
Logical Study of Mathematics. For Schools and Technical 
Classes. With Explanatory Models, based upon the Tachy- 
metrical works of Ed. Lagout. By A. Mault. iSmo. is. 
Models to Illustrate the above, in Box, lis, 6d, 

Snowball — ^THE elements of plane and spheri- 
cal TRIGONOMETRY. By J. C. Snowball, M.A. Four- 
tceenth Edition. Crown Svo, Is, 6d, 

Syllabus of Plane Geometry (corresponding to Euclid, 

Books I. — ^VI.), Prepared by the Association for the Improve- 
ment of Geometrical Teaching. New Edition, Crown Svo. is. 
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Todhunter.— THE elements of EUCLID. For the Use 
of Collegesand Schools. By I. Todhunter, M. A., F.R.S., D.Sc, 
of St. John's College, Cambridge. New Edition. i8mo. 35 6d, 
KEY TO EXERCISES IN EUCLID. Crown Svo. 6s. 6d, 

Wilson (J. M.).— ELEMENTARY GEOMETRY. BOOKS 
I. — V. Containing the Subjects of Euclid's first Six Books. Fol- 
lowing the Syllabus of the Geometrical Association. By the Rev. 
J. M. Wilson, M.A., Head Master of Clifton College. New 
Edition. Extra fcap. 8vo. 4J. 6d, 

TRIGONOMETRY. 

Beasley. — an elementary treatise on plane 

TRIGONOMETRY. With Examples. By R. D. Beasley, 
M.A. Ninth Edition, revised and enlarged. Crown Svo. 35. 6i. 

Lock. — Works by Rev. J. B. Lock, M.A., Senior Fellow, Assistant 
Tutor and Lecturer in Mathematics, of Gonville and Cains Coll^, 
Cambridge ; late Assistant- Master at Eton, 
TRIGONOMETRY FOR BEGINNERS, as for as the Solution of 

Triangles. Globe Svo. 2s, 6d. * 

ELEMENTARY TRIGONOMETRY. Fourth Edition (in this 
edition the chapter on logarithms has been carefully revised). 
Globe Svo. 4jr. 6d, 
Mr. £. J. RouTH writes: — " It is an able treatise. It takes the difficulties of the 
subject one at a time, and so leads the young student easily along." 

HIGHER TRIGONOMETRY. Globe Svo. 4s, 6d. 
Both Parts complete in One Volume. Globe Svo. 'js, 6d, 

(See also under Aritknutic.) 

M*Clelland and Preston.— a TREATISE ON SPHERICAL 

TRIGONOMETRY. With numerous Examples. By William 
J. McClelland, Sch.B.A., Principal of the Incorporated Society's 
School, Santry, Dublin, and Thomas Preston, Sch.B.A. In 
Two Parts. Crown Svo. Part I. To the End of Solution of 
Triangles, 4J. 6d, Part II., $s, 

Todhunter. — Works by I. Todhunter, M.A., F.R.S., D.Sc, 

late of St. John's College, Cambridge. 
TRIGONOMETRY FOR BEGINNERS. With numerous 

Examples. New Edition. iSmo. 2s. 6d, 
KEY TO TRIGONOMETRY FOR BEGINNERS. Crown 8va 

8j. 6d. 
PLANE TRIGONOMETRY. For Schools and CoUeges. New 

Edition. Crown Svo. $5. 
KEY TO PLANE TRIGONOMETRY. Crown Svo. loj, Sd, 
A TREATISE ON SPHERICAL TRIGONOMETRY. New 

Edition, enlarged. Crown Svo. 41. 6d. 
(See also under Arithmetic and Mensuration^ Algebra, and Higher 

Mathematics.) 
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HIGHER MATHEMATICS. 

Airy. — Worksby SirG. B. AiRy,K.C.B., formerly Astronomer- Royal. 
ELEMENTARY TREATISE ON PARTIAL DIFFERENTIAL 
EQUATIONS. Designed for the Use of Students in the Univer- 
sities. With Diagrams. Second Edition. Crown 8vo. $s, 6d. 
ON THE ALGEBRAICAL AND NUMERICAL THEORY 
OF ERRORS OF OBSERVATIONS AND THE COMBI- 
NATION OF OBSERVATIONS. Second Edition, revised. 
Crown 8vo. 6s. 6d, 

Alexander (T.). — ^elementary applied mechanics. 

Being the simpler and more practical Cases of Stress and Strain 
wrought out individually from first principles by means of Elemen- 
tary Mathematics. By T. Alexander, C.E., Professor of Civil 
Engineering in the Imperial College of Engineering, Tokei, 
Japan. Part I. Crown 8vo. 41. 6d, 

Alexander and Thomson. — ELEMENTARY APPLIED 

MECHANICS. By Thomas Alexander, C.E., Professor of 
Engineering in the Imperial College of Engineering, Tokei, Japan ; 
and Arthur Watson Thomson, C.E., B.Sc, Professor of 
Engineering at the Royal College, Cirencester, Part II. Trans- 
verse Stress. Crown 8vo. 10s. 6d. 

Boole. — ^THE CALCULUS OF FINITE DIFFERENCES. 
By G. Boole, D.C.L., F.R.S., late Professor of Mathematics in 
the Queen's University, Ireland. Third Edition, revised by 
J. F. MouLTON. Crown 8vo. ioj. 6d. 

Cambridge Senate-House Problems and Riders, 

with Solutions: — 
1875— PROBLEMS AND RIDERS. By A. G. Greenhill, 

M.A. Crown 8vo. 8j. 6d. 
1878— SOLUTIONS OF SENATE-HOUSE PROBLEMS. By 

the Mathematical Moderators and Examiners. Edited by J. W, L. 

Glaisher, M.A., Fellow of 'Trinity College, Cambridge. I2j. 

Carll. — A TREATISE ON THE CALCULUS OF VARIA- 
TIONS. Arranged with the purpose of Introducing, as well as 
Illustrating, its Principles to the Reader by means of Problems, 
and Designed to present in all Important Particulars a Complete 
View of the Present State of the Science. By Lewis Buffett 
Carll, A.M. Demy 8vo. 21s. 

Cheyne.— AN elementary treatise on the plan. 

ETARY THEORY. By C. H. H. Cheyne, M.A., F.R.A.S. 
With a Collection of Problems. Third Edition. Edited by Rev. 
A. Freeman, M.A., F.R.A.S. Crown 8vo. y.r. 6d. 
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Christie.— A COLLECTION OF ELEMENTARY TEST- 
QUESTIONS IN PURE AND MIXED MATHEMATICS; 
with Answers and Appendices on Synthetic Division, and on the 
Solution of Numerical Equations by Homer's Method. By James 
R. Christie, F.R.S., Royal Military Academy, Woolwich. 
Crown 8vo. 8x. 6d. 

Clausius.— MECHANICAL THEORY OF HEAT. By R. 
Clausius. Translated by Walter R. Browne, M.A., late 
Fellow of Trinity College, Cambridge. Crown 8vo. iq#. 6d, 

Clifford.— THE ELEMENTS OF DYNAMIC. An Introduction 
to the Study of Motion and Rest in Solid sll. Fluid Bodies. By W. 
K. Clifford, F.R.S., late Professor of Applied Mathematics and 
Mechanics at University College, London. Part I.— KINEMATIC. 
Crown 8vo. 7j. 6d. 

Cockshott and Walters. — GEOMETRICAL CONICS. 

An Elementary Treatise. Drawn up in accordance with the 
Syllabus issued by the Society for the Improvement of Geometrical 
Teaching. By A. Cockshott, M.A., formerly Fellow and 
Assistant- Tutor of Trinity Collie, Cambridge, and Assistant- 
Master at Eton; and Rev. F. & Walters, M.A., FeUow of 
Queens* College, Cambridge, and Principal of King William's 
College, Isle of Man, With Diagrams. Crown 8vo. 

[/« tkg press 

Cotterill. — applied mechanics : an Elementary General 
Introduction to the Theory of Structures and Machines. By 
James H. Cotterill, F.R.S., Associate Member of the Council 
of the Institution of Naval Architects, Associate Member of the 
Institution of Civil Engineers, Professor of Applied Mechanics in 
the Royal Naval College, Greenwich. Medium 8yo. i8j'. 

Day (R. E.) —ELECTRIC LIGHT ARITHMETIC. By R. E. 
Day, M.A., Evening Lecturer in Experimental Physics at King's 
College, London. Pott 8vo. ax. 

Drew.— GEOMETRICAL TREATISE ON CONIC SECTIONS. 
By W. H. Drew, M.A., St. John's College, Cambridge. New 
Edition, enlarged. Crown 8vo. 5^. 

Dyer. — EXERCISES IN ANALYTICAL GEOMETRY. Com- 
piled and arranged by J. M. Dyer, M.A., Senior Mathematical 
Master in the Classical Department of Cheltenham College. With 
Illustrations. Crown 8vo. 4^. 6</. 

Eagles. —CONSTRUCTIVE GEOMETRY OF PLANE 
CURVES. ByT. H. Eagles, M.A., Instructor in Geometrical 
Drawing, and Lecturer in Architecture at the Royal Indian En- 
gineering College, Cooper's Hill. With numerous Examples. 
Crown 8vo. I2J. 
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Edgar (J. H.) and Pritchard (G. S.). — NOTE-BOOK ON 

PRACTICAL SOLID OR DESCRIPTIVE GEOMETRY. 
Containing Problems with help for Solutions. By J. H. Edoar, 
M.A., Lecturer on Mechanical Drawing at the Royal School ol 
Mines, and G. S. Pritchard. Fourth Edition, revised by 
Arthur Meeze. Globe 8vo. 4J. 6d. 

Edwards. — the differential calculus, with Ap- 
plications and numerous Examples. An Elementary Treatise by 
Joseph Edwards, M.A., formerly Fellow of Sidney Sussex 
College, Cambridge. Crown 8vo. lOJ. dd, 

Ferrers. — Works by the Rev. N. M. Ferrers, M.A., Master of 
Gonvillc and Caius College, Cambridge. 
AN ELEMENTARY TREATISE ON TRILINEAR CO- 
ORDINATES, the Method of Reciprocal Polars, and the Theory 
of Projectors. New Edition, revised. Crown 8vo. dr. 6</. 
AN ELEMENTARY TREATISE ON SPHERICAL HAR- 
MONICS, AND SUBJECTS CONNECTED WITH 
THEM. Crown 8vo. *js, 6d, 

Forsyth.— A TREATISE ON DIFFERENTIAL EQUA- 
TIONS. By Andrew Russell Forsyth, M.A., F.R.S., Fellow 
and Assistant Tutor of Trinity College, Cambridge. 8vo. 14J. 

Frost. — Works by Percival Frost, M. A., D.Sc, formerly Fellow 

of St John's College, Cambridge ; Mathematical Lecturer at 

King's College. 
AN ELEMENTARY TREATISE ON CURVE TRACING. By 

Percival Frost, M. A. Svo. 12^ 
SOLID GEOMETRY. Third Edition. Demy Svo. idr. 
HINTS FOR THE SOLUTION OF PROBLEMS in the Third 

Edition of SOLID GEOMETRY. Svo. Sj. 6d, 

Greaves. — A treatise on elementary statics. By 

John Greaves, M.A., Fellow and Mathematical Lecturer of 
Christ's College, Cambridge. Crown Svo. 6s. 6J. 

Greenhill. — differential and integral cal- 
culus. With Applications. By A. G. Greenhill, M.A., 
Professor of Mathematics to the Senior Class of Artillery Officers, 
Woolwich, and Examiner in Mathematics to the University of 
London. Crown Svo. Js. 6d. 

Hemming. — an elementary treatise on the 

DIFFERENTIAL AND INTEGRAL CALCULUS, for the 
Use of Colleges and Schools. By G. W. Hemming, M.A., 
Fellow of St. John's College, Cambridge. Second Edition, with 
Corrections and Additions. Svo. gs. 

Ibbetson. — the mathematical theory of per. 

FECTLY ELASTIC SOLIDS, with a short account of Viscous 
Fluids. An Elementary Treatise. By William John Ibbetson, 
B.A., F.R.A.S., Senior Scholar of Clare College, Cambridge. 
Svo. [In t An press. 
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JcUctt (John H.).— A TREATISE ON THE THEORY OF 
FRICTION. By John H. Tellett, B.D., Provost of Trinity 
College, Dublin; President of the Royal Irish Academy. 8va 

Johnson. — Works by William Woolsey Johnson, Professor of 
Mathematics at the U.S. Naval Academy, Annopolis, Maryland. 

INTEGRAL CALCULUS, an Elementary Treatise on thej 
Founded on the Method of Rates or Fluxions. Demy 8vo. 8j. 

CURVE TRACING IN CARTESIAN CO-ORDINATES. 
Crown 8vo. 4J. 6d, 

Jones.— EXAMPLES IN PHYSICS. By D. E. Jones, B.Sc., 
Lecturer in Physics in University College, Aberystwyth. Fcap. 
8vo. [In Jfreparationt 

Kelland and Tait. — introduction to quater. 

NIONS, with numerous examples. By P. Kelland, M.A., 
F.R.S., and P. G. Tait, M.A., Professors in the Department of 
Mathematics in the University of Edinbm*gh. Second Edition. 
Crown 8vo. 7^. 6d, 

Kcmpe.— HOW to draw a straight line : a Lecture 
on Linkages. By A. £. Kempe. With Illustrations. Crown 8vo. 
I J. 6d. {Nature Series,) 

Kennedy.— THE mechanics of machinery. By a. 

B. W. Kennedy, M.Inst.C.E., Professor of Engineering and 
Mechanical Technology in University CoU^e, London. With 
Illustrations. Crown 8vo. 12s. 6d, 

Knox.— DIFFERENTIAL CALCULUS FOR BEGINNERS. 
By Alexander Knox. Fcap. 8vo. y. ()d. 

Lock.— DYNAMICS FOR BEGINNERS. By the Rev. J. B. 
Lock, M.A., Author of "Trigonometry," "Arithmetic for 
Schools," &c. Globe 8vo. (See also under Arithmetic and 
Trigonometry). [/« the press, 

Lupton. — CHEMICAL ARITHMETIC. With 1,200 Examples. 
By Sydney Lupton, M.A., F.C.S., F.I.C., formerly Assistant 
Master in Harrow School. Second Edition. Fcap. 8vo. 4^. 6d. 

Macfarlane,— PHYSICAL arithmetic. By Alexander 
Macfarlane, M. a., D.Sc, F.R.S.E., Examiner in Mathematics 
to the University of Edinburgh. Crown 8vo. 7-^' 6</. 

MacGregor.— KINEMATICS AND dynamics. An Ele- 
mentary Treatise. By J. G. MacGregor, Professor of Physics 
in Dalhousie College, Halifax, Nova Scotia. Cr. 8vo. [In the press, 

Merriman. — a TEXT BOOK OF THE METHOD OF LEAST 
SQUARES. By Mansfield Merriman, Professor of Civil 
Engineering at Lehigh University, Member of the American 
Philosophical Society, American Association for the Advancement 
of Science, &c. Demy 8vo. 8^. dd. 
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Millar.— ELEMENTS OF DESCRIPTIVE GEOMETRY. By 
J. 6. Millar, C.E., Assistant Lecturer in Engineering in Owetts 
College, Manchester. Crown 8vo. 6s. 

Milne. — weekly problem papers. \Vith Notes intended 
for the use of students preparing for Mathematical Scholarships, 
and for the Junior Members of the Universities who are reading 
for Mathematical Honours. By the Rev. John J. Milne, M. A., 
formerly Second Master of Heversham Grammar School. Pott Svo. 
4r. 6d, 

SOLUTIONS TO \VEEKLY PROBLEM PAPERS. By the 

same Author. Crown Svo. 105. 6d. 
COMPANION TO "WEEKLY PROBLEM PAPERS." By 

the same Author. Crown Svo. [Niearly rfady, 

Muir. — A TREATISE ON THE THEORY OF DETERMI- 
NANTS. With graduated sets of Examples. For use in 
Collies and Schools. By Thos. Muir, M.A., F.R.S.K, 
Mathematical Master in the High School of Glasgow. Crown 
Svo. ^s, dd, 

Parkinson.— AN ELEMENTARY TREATISE ON ME- 
CHANICS.' For the Use of the Junior Classes at the University 
and the Higher Classes in Schools. By S. Parkinson, D.D., 
F.R.S., Tutor and Fraelector of St. John's College, Cambridge. 
With a Collection of Examples. Sixth Edition, revised. Crown 
Svo. 9J. 6</. 

Pirie. — LESSONS ON RIGID DYNAMICS. By the Rev. G. 
PiRiE, M.A., late Fellow and Tutor of Queen's Colle^s^e, Cam- 
bridge; Professor of Mathematics in the University of Aberdeen. 
Crown Svo. 6j. 

Puckle.— AN ELEMENTARY TREATISE ON CONIC SEC- 
TIONS AND ALGEBRAIC GEOMETRY. With Numerous 
Examples and Hints for their Solution ; especially designed for the 
Use of Beginners. By G. H. Puckle, M.A. Fifth Edition, 
revised and enlarged. Crowii Svo. 7 J. 6^. 

Reuleaux. — the kinematics of machinery. Out- 
lines of a Theory of Machines. By Professor F. Reuleaux. 
Translated and Edited by Professor A. B. W. Kennedy, C.E. 
With 450 Illustrations. Medium Svo. 2IJ. 

Rice and Johnson differential CALCULUS, an 

Elementary Treatise on the ; Founded on the Method of Rates or 
Fluxions. By John Minot Rice, Professor of Mathematics in 
the United States Navy, and William Woolsey Johnson, Pro- 
fes5-or of Mathematics at the United States Naval Acadenw. 
Third Edition, Revi<;ed and Corrected. Demy Svo. IW. 
Ab iHged Edition, %s, 

4. 
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Robinson.— TREATISE ON MARINE SURVEYING. Pre- 

pared for the use of jounger Naval Officers. With Questions for 
Examinations and Exercises principally from the Papers of the 
Royal Naval College. With the results. By Rev. John L. 
Robinson, Chaplain and Instructor in the Royal Naval College, 
Greenwich. With Illustrations. Crown 8vo. *js, 6//. 
CoNTKNTS. — Symbols used in Charts and Surveying— The Construction and Use 
of Scales — Laying oflf Angles— Fixing Positions oy Angles — Charts and Chart- 
Drawing — Instruments and Observing — Base Lines — ^Triangulation — LevellioK— 
Tides and Tidal ^ Observations — 5>oundings — Chronometers — Meridian Distances 
—Method of Plotting a Survey— Miscellaneous Exercises — Index. 

Routh. — Works by Edward John Routh, D.Sc, LL.D., 
F.R.S., Fellow of the University of London, Hon. Fellow of St 
Peter's College, Cambridge. 
A. TREATISE ON THE DYNAMICS OF THE SYSTEM OF 
RIGID BODIES. With numerous ExampleJ». Fourth and 
enlarged Edition. Two Vols. 8vo. Vol. I. — Elementary Parts. 
I4f. Vol. II. — The Advanced Parts. 14J. 
STABILITY OF A GIVEN STATE OF MOTION, PAR- 
TICULARLY STEADY MOTION. Adams' Prize Essay for 
1877. 8vo. 8j. 6d. 

Smith (C). — Works by Charles Smith, M.A., Fellow and 

Tutor of Sidney Sussex College, Cambridge. 
CONIC SECTIONS. Fourth Edition. Crown 8vo. 7^. 6d. 
AN ELEMENTARY TREATISE ON SOLID GEOMETRY. 

Second Edition. Crown 8vo. 9^. 6d, (See also under Algebra,) 

Tait and Steele. — ^a treatise on dynamics of a 

PARTICLE. With numerous Examples. By Professor Tait 
and Mr. Steele. Fifth Edition, revised. Crown 8vo. I2x. 

Thomson.— A TREATISE ON THE MOTION OF VORTEX 
RINGS. An Essay to which the Adams Prize was adjudged in 
1882 in the University of Cambridge. By J. J. Thomson, Fellow 
of Trinity College, Cambridge, and Professor of Experimental 
Physics in the University. With Diagrams. 8vo. 6s, 

Todhunter. — Works by I. Todhunter, M.A., F.R.S., D.Sc, 

late of St. John's College, Cambridge. 

" Mr. Todhunter is chiefly known to students of Mathematics as the author of a 

series of admirable mathematical text-books, which possess the rare Qualities of being 

clear in style and absolutely free from mistakes, typographical and other." — 

Saturday Review. 

MECHANICS FOR BEGINNERS. With nmnerous Examples. 

New Edition. i8mo. 4J. 6d, 
KEY TO MECHANICS FOR BEGINNERS. Crown 8vo. es.6d, 
AN ELEMENTARY TREATISE ON THE THEORY OF 

EQUATIONS. New Edition, revised. Crown 8vo. 7^. 6d, 
PLANE CO-ORDINATE GEOMETRY, as applied to the Straight 
Line and the Conic Sections. With numerous Examples. New 
Edition, revised and enlarged. Crown Svo. *js, 6d, 
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Todhunter.— KEY TO CONIC SECTIONS. By C. W. 
Bourne, M. A. Head Master of the College, Inverness. Crown 
8vo. [/» the press, 

A TREATISE ON THE DIFFERENTIAL CALCULUS. With 
numerous Examples. New Edition. Crown 8vo. loj. ^d, 

A TREATISE ON THE INTEGRAL CALCULUS AND ITS 
APPLICATIONS. With numerous Examples. New Edition, 
revised and enlarged. Crown 8vo. icxr. 6^. 

EXAMPLES OF ANALYTICAL GEOMETRY OF THREE 
DIMENSIONS. New Edition, revised. Crown 8vo. 4?. 

A TREATISE ON ANALYTICAL STATICS. New Edition, 
revised by Professor J. D. Everett, F.R.S. Crown 8vo. 

[/« the press » 

A HISTORY OF THE MATHEMATICAL THEORY OF 
PROBABILITY, from the time of Pascal to that of Laplace. 
8vo. i8f. 

A HISTORY OF THE MATHEMATICAL THEORIES OF 
ATTRACTION, AND THE FIGURE OF THE EARTH, 
from the time of Newton to that of Laplace. 2 vols. 8vo. 2.^. 

AN ELEMENTARY TREATISE ON LAPLACE'S, LAME'S, 
AND BESSEL'S FUNCTIONS. Crown 8vo. loj. 6r/. 

(See also under Arithmetic and Mensuration, Algebra, and Trigonometry. ) 

^Vilson (J. M.). — SOLID GEOMETRY AND CONIC SEC- 
TIONS. With Appendices on Transversals and Harmonic Division. 
For the Use of Schools. By Rev. J. M. Wilson, M.A. Head 
Master of Clifton College. New Edition. Extra fcap. 8vo. 3J. 6d, 

^Voolwich Mathematical Papers, for Admission into 

the Royal Military Academy, Woolwich, 1880 — 1884 inclusive. 
Crown 8vo. y. 6d, 

Wolstenholme. — MATHEMATICAL PROBLEMS, on Sub- 
jects included in the First and Second Divisions of the Schedule of 
subjects for the Cambridge Mathematical Tripos Examination. 
Devised and arranged by Joseph Wolstenholme, D.Sc, late 
Fellow of Christ's College, sometime Fellow of St. John's College, 
and Professor of Mathematics in the Royal Indian Engineering 
College. New Edition, greatly enlarged. 8vo. i8j. 

EXAMPLES FOR PRACTICE IN THE USE OF SEVEN- 
FIGURE LOGARITHMS. By the same Author. [In preparation. 
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SCIENCE. 

(i) Natural Philosophy, (2) Astronomy, (3) 
Chemistry, (4) Biology, (5) Medicine, (6) Anthro- 
pology, (7) Physical Geography and Geology, (8) 
Agriculture. 

NATURAL PHILOSOPHY. 

Airy. — Works by Sir G. B. Airy, K.C.B., formerly Astronomer- 
Royal. 

ON SOUND AND ATMOSPHERIC VIBRATIONS. With 
the Mathematical Elements of Music. Designed for the Use of 
Students in the University. Second Edition, revised and enlarged. 
Crown 8vo 9^ . 

A TREATISE ON MAGNETISM. Designed for the Use of 
Students in the University. Crown 8vo. gt. 6d, 

GRAVITATION : an Elementary Explanation of the Principal Per- 
turbations in the Solar System. Second Edition, Crown 8vo. 7^. 6d. 

Alexander (T.).— ELEMENTARY applied mechanics. 

Being the simpler and more practical Cases of Stress and Strain 
wrought out individually from first principles by means of Ele- 
mentary Mathematics. By T. Alexander, C.E., Professor of 
Civil Engineering in the Imperial College of Engineering, Tokei, 
Japan. Crown 8vo. Part I. 4s, 6d, 

Alexander — Thomson. — elementary applied 

MECHANICS. By Thomas Alexander, C.E., Professor of 
Engineering in the Imperial College of Engineering, Tokei, Japan ; 
and Arthur Watson Thomson, C.E., B.Sc, Professor of 
Engineering at the Royal College, Cirencester. Part II. Trans- 
verse Stress ; upwards of 150 Diagrams, and 200 Examples 
c::refully worked out ; new and complete method for finding, at 
every point of a beam, the amount of the greatest bending 
moment and shearing force during the transit of any set of loads 
fixed relatively to one another — g.g., the wheels of a locomotive ; 
continuous beams, &c., &c. Crown 8vo. los. 6d. 
Ball (R. S.).— EXPERIMENTAL MECHANICS. A Course of 
Lectures delivered at the Royal College of Science for Ireland. 
By Sir R. S. Ball, M.A., Astronomer Royal for Ireknd. 
Cheaper Issue, Royal 8vo. 10s, 6(i, 

Bottomley.— FOUR FIGURE MATHEMATICAL TABLES 
FOR PHYSICAL CALCULATION. By J. T. Bottomley, 
M.A., F.R.S.E., Demonstrator in Experimental Physics in the 
University of Glasgow. 8vo. ^In the press, 

Chisholm. — the SCIENCE OF WEIGHING AND 
MEASURING, AND THE STANDARDS OF MEASURE 
AND WEIGHT. By H.W. Chisholm, Warden of the Standards. 
With numerous Illustrations. Crown 8vo. 41. dd. {Nature Series), 
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Clausius.— MECHANICAL THEORY OF HEAT. By R. 
Clausius. Translated by Walter R. Browne, M.A., late 
Fellow of Trinity College, Cambridge. Crown 8vo. loj. (xi. 

Cotterill.— APPLIED MECHANICS: an Elementary General 
Introduction to the Theory of Structures and Machines. B^ 
James H. Cotterill, F.R.S., Associate Member of the Council 
of the Institution of Naval Architects, Associate Member of the 
Institution of Civil Engineers, Professor of Applied Mechanics in 
the Royal Naval College, Greenwich. Medium 8vo. i8j. 

Cumming.— AN INTRODUCTION TO THE THEORY OF 
ELECTRICITY. By Linn/eus Cumming, M.A., one of the 
Masters of Rugby School. With Illustrations. Crown 8vo. 
8j. 6d. 

Daniell.— A TEXT-BOOK OF THE PRINCIPLES OF 
PHYSICS. By Alfred Daniell, M.A., LL.B., D.Sc, 
F.R.S.E., late Lecturer on Physics in the School of Medicine, 
Edinljurgh. With Illustrations. Second Edition. Revised -and 
Enlarged. Medium 8vo. 21s. 

Day.— ELECTRIC LIGHT ARITHMETIC. By R. E. Day, 
M.A., Evening Lecturer in Experimental Physics at King's 
College, London. Pott 8vo. 2s. 

Everett. — units and physical constants. By J. D. 

Everett, M.A., D.C.L , F.R.S, F.R.S.E., Professor of 
Natural Philosophy, Queen's College, Belfast. Second Edition. 
Extra fcap. 8vo. $s. 

Gray — ABSOLUTE MEASUREMENTS IN ELECTRICITY 
AND MAGNETISM. By Andrew Gray, M.A., F.R.S.E., 
Professor of Physics in the University College of North Wales. 
Crown 8vo. \New Edition in the press. 

Grove.— A DICTIONARY OF MUSIC AND MUSICIANS. 
(a.d. 1450 — 1886). By Eminent Writers, English and Foreign. 
Edited by Sir George Grove, D.C.L., Director of the Royal 
College of Music, &c. Demy 8vo. 

Vols. L, II., and III. Price 21s. each. 

Vol. I. A to IMPROMPTU. Vol. 11. IMPROPERIA to 

PLAIN SONG. Vol. IIL PLANCHE TO SUMER IS 

ICUMEN IN. Demy 8vo. cloth, with Illustrations in Music 

Type and Woodcut. Also published in Parts. Parts I. to XIV., 

Parts XIX — XXL, price 3J. 6d. each. Parts XV., XVI., price ^s, 

Parts XVIL, XVIIL, price ^s. 
** Dr. Grove's Dictionary will be a boon to every intelligent lover of music."— 
Saturday Review. 

Huxley. — INTRODUCTORY PRIMER OF SCIENCE. By T. 
H. Huxley, F.R.S., &c. i8mo. w. 
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Ibbetson. — ^the mathematical theory of per- 
fectly ELASTIC SOLIDS, with a Short Account of Viscous 
Fluids. An Elementary Treatise. By William John Ibbetson, 
B. A., F.R. A.S., Senior Scholar of Clare College, Cambridge. 8vo. 

[jn thepresu 

Jones.-— EXAMPLES IN PHYSICS. By D. E. Jones, B.Sc. 

Lecturer in Physics in University College, Aberystwyth. Fcap. 8vo. 

\In preparation, 
Kempe.— HOW TO draw a straight line ; a Lecture 

on Linkaj^es. By A. B. Kempe. With Illustrations. Crown 

8vo. IJ. (>d, {^Nature Series,) 

Kennedy.— THE MECHANICS OF MACHINERY. By A. B. 
W. Kennedy, M.Inst.C.E., Professorof Engineering: and Mechani- 
cal Technology in University College, London. With numerous 
Illustrations. Crown 8vo. I2j. 6^. 

Lang.— EXPERIMENTAL PHYSICS. By P. R. Scott Lang, 
M. A., Professor of Mathematics in the University of St. Andrews. 
With Illustrations. Crown 8vo. [In the press, 

Lupton.— NUMERICAL TABLES AND CONSTANTS IN 
ELEMENTARY SCIENCE. By Sydney Lupton, M.A,. 
F.C.S., F.I.C., Assistant Master at Harrow SchooL Extra fcap. 
8vo. 25, (xi. 

Macfarlane,— PHYSICAL ARITHMETIC. By Alexander 
MA.CFARLANE, D.Sc, Examiner in Mathematics in the University 
of Edinburgh. Crown 8 vo. ^s, td. 

Macgregor.— KINEMATICS and DYNAMICS. An Ele- 
mentary Treatise. By J. G. Macgregor, M.A., Professor of 
Physics in Dalhousie College, Halifax, Nova Scotia. With 
Illustrations. Crown 8vo. \In the press, 

Mayer. — SOUND : a Series of Simple, Entertaining, and Inex- 
pensive Experiments in the Phenomena of Sound, for the Use of 
Students of every age. By A. M. Mayer, Professor of Physics 
in the Stevens Institute of Technology, &c. With numerous 
Illustrations. Crown 8vo. y, 6d, {NaturelSeries,) 

Mayer and Barnard — light i a Series of Simple, Enter- 
taining, and Inexpensive Experiments in the Phenomena of Light, 
for the Use of Students of every age. By A. M. Mayer and C. 
Barnard. With numerous Illustrations. Crown 8vo. 2s, 6d, 
{Nature Series,) 

Newton. — PRINCIPIA. Edited by Professor Sir W. Thomson 
and Professor Blackburne. 4to, cloth. 31J. 6d» 
THE FIRST THREE SECTIONS OF NEWTON'S PRIN- 
CIPIA. With Notes and Illustrations. Also a Collection of 
Problems, principally intended as Examples of Newton's Methods. 
By Fercival Frost, M.A. Third Edition. 8vo. 12s, 
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Parkinson. — a treatise on optics. By S. Parkinson, 
D.D., F.R.S., Tutor and Praelector of St. John's College, Cam- 
bridge. Fourth Edition, revised and enlarged. Crown 8vo. lor. td. 

Perry. — steam, an elementary treatise. By 

John Perry, C.E., Whitworth Scholar, Fellow of the Chemical 
Society^ Professor of Mechanical Engineering and Applied Mech- 
anics at the Technical College, Finsbury. With numerous Wood- 
cuts and Numerical Examples and Exercises. i8mo. 4r. 6d, 

Ramsay.— experimental proofs of chemical 

THEORY FOR BEGINNERS. By William Ramsay, Ph.D., 
Professor of Chemistry in University College, Bristol. Pott 8vo. 
2s. 6d, 

Rayleigh. — the theory of sound. ByLoRDRAYLEiOH, 
M.A., F.R.S., formerly Fellow of Trinity College, Cambridge, 
Svo. Vol, 1» I2s, 6d, Vol. II. I2J. 6d. [Vol. III. in the press. 

Reuleaux.— THE kinematics of machinery. Out- 
lines of a Theory of Machines. By Professor F. Reuleaux. 
Translated and Edited by Professor A. B. W. Kennedy, C.E. 
With 450 Illustrations. Medium Svo. 21s, 

RoSCOe and Schuster — spectrum analysis. Lectures 
delivered in 1868 before the Society of Apothecaries of London. 
By Sir Henry E. Roscoe, LL.D., F.R.S., formerly Professor of 
Chemistry' in the Owens College, Victoria University, Manchester. 
Fourth Edition, revised and considerably enlarged by the Author 
and by Arthur Schuster, F.R.S., Ph.D., Professor of Applied 
Mathematics in the Owens College, Victoria University. 
With Appendices, numerous Illustrations, and Plates. Medium 
Svo. 21S. 

Shann.— an elementary treatise on heat, in 

RELATION TO STEAM AND THE STEAM-ENGINE. 
By G. Shann, M. A. With Illustrations. Crown Svo. i^. 6d. 

SpOttisWOOde.— POLARISATION OF LIGHT. By the late 
W. SPOTTISWOODE, F.R.S. With many Illustrations. New 
Edition. Crown Svo. 3^. 6d. {Nature Series,) 

Stewart (Balfour). — Works by Balfour Stewart, F.R.S., 

Professor of Natural? Philosophy in the Owens College, Victoria 

University, Manchester. 
PRIMER OF PHYSICS. With numerous Illustrations. New 

Edition, with Questions. iSmo. is. (Science Primers.) 
LESSONS IN ELEMENTARY PHYSICS. With numerous 

Illustrations and Chromolitho of the Spectra of the Sun, Stars, 

and Nebulae. New Edition. Fcap. Svo. 4^. 6d. 
QUESTIONS ON BALFOUR STEWART'S ELEMENTARY 

LESSONS IN PHYSICS. By Prof. Thomas H. Core, Owens 

College, Manchester. Fcap. Svo. 2s. 
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Stewart and Gee. — ELEMENTARY PRACTICAL PHY- 
SICS, LESSONS IN. By Professor Balfour Stewart, F.R.S., 
and W. Haldane Gee, B. Sc. Crown 8vo. 

Part I.— GENERAL PHYSICAL PROCESSES. 6s. 

Part IL—ELECTRICITY AND MAGNETISM. [Nearly readv. 

Part III.— OPTICS, HEAT, AND SOUND. [/m. preparation. 

A SCHOOL COURSE OF PRACTICAL PHYSICS. By the 
same Authors. 

Part I.— ELECTRICITY AND MAGNETISM. [In the press. 

Stokes. — ON LIGHT. Being the Burnett Lectures, delivered in 
Aberdeen in 1883-1884. By George Gabriel Stokes, M.A., 
P.R.S., &c.. Fellow of Pembroke College, and Luca«;ian Professor 
of Mathematics in the University of Cambridge. First Course. 
On the Nature of Light.— Second Course. On Light as 
A Means of Investigation. Crown 8vo. 2t. 6d. each. 

[TTiird Course in the press. 

Stone.— AN ELEMENTARY TREATISE ON SOUND. By 
W. H. Stone, M.D. With Illustrations. i8mo. 3^. 6d, 

Tait. — HEAT. By P. G. Tait, M.A., Sec. R.S.E., formerly 
Fellow of St. Peter's College, Cambridge, Professor of Natural 
Philosophy in the University of Edinburgh. Crown 8vo. 6s. 

Thompson.— ELEMENTARY LESSONS IN ELECTRICITY 
AND MAGNETISM. By Silvanus P. Thompson, Principal 
and Professor of Physics in the Technical College, Finsbury. "With 
Illustrations. New Edition. Fcap. 8vo. 41. 6d. 

Thomson. — ELECTROSTATICS AND MAGNETISM, RE- 
PRINTS OF PAPERS ON. By Sir William Thomson, 
D.C.L., LL.P., F.R.S., F.R.S.E., Fellow of St Peter's Collie, 
Cambridge, and Professor of Natural Philosophy in the University 
of Glasgow. Second Edition. Medium 8vo. i8f. 
THE MOTION OF VORTEX RJNGS, A TREATISE ON. 
An Essay to which the Adams Prize was adjudged in 1882 in 
the University of Cambridge. By J. J. Thomson, Fellow of 
Trinity College, Cambridge, and Professor of Experimental Physics 
in the University. With Diagrams. 8vo. 6s. 

Todhunter.-NATURAL PHILOSOPHY FOR BEGINNERS. 
By I. ToDHUNTER, M.A., F.R.S., D.Sc. 
Part I. The Properties of Solid and Fluid Bodies. i8mo. 35. 6d. 
Part II. Sound, Light, and Heat. l8mo. 3J. 6d. 

Turner. — heat and electricity, a collection of 

EXAMPLES ON. By H. H. Turner, B. A., Fellow of Trinity 
College, Cambridge. Crown 8vo. 2s. 6d. 
Wright (Lewis). — LIGHT ; A COURSE OF EXPERI- 
MENTAL OPTICS, CHIEFLY WITH THE LANTERN. 
By liEWis Wright. With nearly 200 Engravings and Coloured 
Plates. Crown 8vo. *js. 6d. 
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ASTRONOMY. 

Airy.— POPULAR ASTRONOMY. With lUustrations by Sii 
G. B. Airy, K.C.B., formerly Astronomer-Royal. New Edition. 
i8mo. 4J. 6d. 

Forbes.— TRANSIT OF VENUS. By G. Forbes, M.A., 
Professor of Natural Philosophy in the Andersonian University, 
•Glasgow. Illustrated. Crown 8vo. 3^. 6d, {Nature SerUs.) 

Godfray. — ^Works by Hugh Godfpay, M.A., Mathematical 
Lecturer at Pembroke College, Cambridge. 
A TREATISE ON ASTRONOMY, for the Use of Colleges and 

Schools. Fourth Edition. 8vo. 12s. 6d, 
AN ELEMENTARY TREATISE ON THE LUNAR THEORY, 
with a Brief Sketch of the Problem up to the time of Newton. 
Second Edition, revised. Crown 8yo. $s, 6d, 

Lockyer. — ^Works by J. Norman Lockyer, F.R.S. 
PRIMER OF ASTRONOMY. With numerous Illustrations. 

New Edition. iSfno. is. {Science J^imers.) 
ELEMENTARY LESSONS IN ASTRONOMY. With Coloured 
Diagram of the Spectra of the Sun, Stars, and Nebulae, and 
numerous Illustrations. New Edition. Fcap. 8vo. 5j. 6d, 
QUESTIONS ON LOCKYER'S ELEMENTARY LESSONS IN 
ASTRONOMY. For the Use of Schools. By John Forbes- 
Robertson. i8mo, cloth limp is. 6d. 
THE CHEMISTRY OF THE SUN. With Illust. Demy 8vo. 141. 
Newcomb. — ^POPUI,AR astronomy. By S. Newcomb, 
LL.D., Professor U.S. Naval Observatory. With 112 Illusti-ations 
and 5 Maps of the Stars. Second Edition, revised. 8vo. i8j. 
' It is unlike anything else of its kind, and will be of more use in circulating a 
knowledge of Astronomy than nine-tenths of the books which have appeared on the 
subject of late years." — Saturday Review. 

CHEMISTRY. 

Armstrong.— A MANUAL CF INORGANIC CHEMISTRY 
By Henry Armstrong, Ph.D., F.R.S., Professor of Chemistry 
in the City and Guilds of London Technical Institute. Crown 8vo. 

[/« preparcUion, 

Cohen.— THE OWENS COLLEGE JUNIOR COURSE OF 
PRACTICAL ORGANIC CHEMISTRY. By Julius B. 
Cohen, Ph.D., Assistant Lecturer on Chemistry in the Owens 
College, Manchester. With a Preface by Sir Henry Roscoe. 
Fcap. 8vo. [In the press. 

Cooke. — ^ELEMENTS OF CHEMICAL PHYSICS. By Josiah 
P. Cooke, Junr., Erving Professor of Chemistry and Mineralogy 
in Harvard University. Fourth Edition. Royal 8vo. 2ij. 

Fleischer.— A SYSTEM OF VOLUMETRIC ANALYSIS. 
Translated, with Notes and Additions, from the Second German 
Luition by M. M. Pattison Muir, F.R.S.E. With Illustrations. 
Crown 8vo. *]s. 6d, 
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Frankland.— AGRICULTURAL CHEMICAL ANALYSIS, 
A Handbook of. By Percy Faraday Frankland, Ph.D., 
B.Sc, F.C.S., A!;sociate of the Royal School of Mines, and 
Demonstrator of Practical and Agricultural Chemistry in the 
Normal School of Science and Royal School of Mines, South 
Kensington Museum. Founded upon Leit/aden fur die Agriculture 
Chemiche Analyse, von Dr. F. Krocker. Crown 8va ^s. 6d, 

Jones. — Works by FRANCIS JONES, F.R.S.E., F.C.S., Chemical 
Master in the Grammar School, Manchester. 
THE OWENS COLLEGE JUNIOR COURSE OF PRAC 
TICAL CHEMISTRY. With Preface by Sir Henry Roscoe, 
F.R.S., and Illustrations. New Edition. i8mo. 2j. 6d, 
QUESTIONS ON CHEMISTRY. A Series of Problems and 
Exercises in Inorganic and Organic Chemistry. Fcap. 8vo. 31. 

Landauer.— BLOWPIPE analysis. By I. Landauef. 

Authorised English Edition by J. Taylor and W. E. Kay, of 
Owens College, Manchester. Extra fcap. 8vo. 4J. 6rf. 

Lupton.— -ELEMENTARY CHEMICAL ARITHMETIC. With 
1,200 Problems. By Sydney Lupton, M.A., F.C.S., F.I.C., 
formerly Assistant-Master at Harrow. Second Edition, Revised 
and Abridged. Fcap. 8vo. ^, 6d, 

Muir.— PRACTICAL CHEMISTRY FOR MEDICAL STU- 
DENTS. Specially arranged for the first M.B. Course. By 
M. M. Pattison Muir, F.R.S.E. Fcap. 8vo. is, 6d, 

Muir and \Vilson. — the elements of thermal 

CHEMISTRY. By M. M. Pattison Muir, M.A., F.R.S.E., 
Fellow and Prselector of Chemistry in Gonville and Caius College, 
Cambridge ; Assisted by David Muir Wilson. 8vo. 12s, 6d. 

Rem sen. — Works by Ira Re^^sen, Professor of Chemistry in the 
Johns Hopkins University. 

COMPOUNDS OF CARBON ; or. Organic Chemistry, an Intro- 
duction to the Study of. Crown 8vo. 6s. 6d, 

AN INTRODUCTION TO THE STUDY OF CHEMISTRY 
(INORGANIC CHEMISTRY). Crown 8vo. 6j. 6d, 

Roscoe. — Works by Sir Henry E. Roscoe, F.R.S., formerly 
Professor of Chemistry in the Victoria University the Owens College, 
Manchester. 

PRIMER OF CHEMISTRY. With numerous IllustraUons. New 
Edition. With Questions. i8mo. is, {Science Primers,) 

LESSONS IN ELEMENTARY CHEMISTRY, INORGANIC 
AND ORGANIC. With numerous Illustrations and Chromolitho 
of the Solar Spectnim, and of the AlKalies and Alkaline Earths. 
New Edition. Fcap. 8vo. 4^. 6d, 

{Sa under Thorpe.) 
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Roscoe and Schorlemmer. — inorganic AND OR- 
GANIC CHEMISTRY. A Complete Treatise on Inorganic and 
Organic Chemistry. By Sir Henry E. Roscoe, F.R.S., and 
Professor C. Schorlemmer, F.R.S. With numerous Illustrations. 
Medium 8vo. 

Vols. I. and II.— INORGANIC CHEMISTRY. 

Vol. I.— The Non-Metallic Elements. 21s, Vol. II. Part I.— 
Metals. iSs. Vol. II. Part II.— -Metals. i8j. 

Vol. III.— ORGANIC CHEMISTRY. 

THE CHEMISTRY OF THE HYDROCARBONS and their 
Derivatives, or ORGANIC CHEMISTRY. With numerous 
Illustrations. Three Parts. Parts I. and II. 21 j. each. Part III. i8j. 

Schorlemmer. — a manual of the chemistry of 

THE CARBON COMPOUNDS, OR ORGANIC CHE- 
MISTRY. By C. Schorlemmer, F.R.S., Professor of Che- 
mistry in the Victoria University the Owens College, Manchester. 
With Illustrations. 8vo. 141. 

Thorpe.— A SERIES OF CHEMICAL PROBLEMS, prepared 
with Special Reference to Sir H. E. Roscoe's Lessons in Elemen- 
tary Chemistry, by T. E. Thorpe, Ph.D., F.R.S., Professor of 
Chemistry in the Normal School of Science, South Kensington, 
adapted for the Preparation of Students for the Government, 
Science, and Society of Arts Examinations. With a Preface by Sir 
Henry E. Roscoe, F.R.S. New Edition, with Key. i8mo. 2s, 

Thorpe and Riicker. — a treatise on chemical 

PHYSICS. By T. E. Thorpe, Ph.D., F.R.S. Professor of 
Chemistry in the Normal School of Science, and Professor A. W. 
Rucker. Illustrated. 8vo. [In preparation. 

Wright.— METALS AND THEIR CHIEF INDUSTRIAL 
APPLICATIONS. By C. Alder Wright, D.Sc, &c., 
Lecturer on Chemistry in St. Mary's Hospital Medical School. 
Extra fcap. 8vo. 3^. 6d, 



BIOLOGY. 

Allen. — ON THE COLOUR OF FLOWERS, as Illustrated in 
the British Flora. By Grant Allen. With Illustrations. 
Crown 8vo. y,6d, {Nature Series.) 

Balfour. — A TREATISE ON COMPARATIVE EMBRY- 
OLOGY. By F. M. Balfour, M.A., F.R.S., Fellow and 
Lecturer of Trinity College, Cambridge. With Illustrations. 
Second Edition, reprinted without alteration from the First 
Edition. In 2 vols. 8vo. Vol. I. i8j. Vol. II. 21/. 
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Balfour and V/sLvd. — a general text book of 

BOTANY. By Isaac Bayley Balfour, F.R.S., Professor of 
Botany in the University of Oxford, and H. Marshall Ward, 
Fellow of Christ College, Cambridge, and Professor of Botany 
in the Royal Indian Engineering College, Cooper's Hill. 8vo. 

[in preparation, 

Bettany.— FIRST lessons in practical botany. 

By G. T. Bettany, M.A., F.L.S., formerly Lecturer in Botany 
at Guy's Hospital Medical School. i8mo. is. 

Bower— Vines.— A COURSE OF PRACTICAL instruc- 
tion IN BOTANY. By F. O. Bower, M.A., F.L.S., 
Professor of Botany in the University of Glasgow, and Sydney 
H. Vines, M.A., D.Sc, F.R.S., Fellow and Lecturer, Christ's 
College, Cambridge. With a Preface by W. T. Thiselton 
Dyer, M.A., C.M.G., F.R.S., F.L.S., Director of the Royal 
Gardens, Kew. 

Part L— PHANEROGAMiE — PTERIDOPHYTA. Crown 
8vo. 6s, [Pari 21. in preparation. 

Darwin (Charles).— MEMORIAL NOTICES OF CHARLES 

DARWIN, F.R.S., &c. By Thomas Henry Huxley, F.R.S., 
G. J. Romanes, F.R.S., Archibald Geikie, F.R.S., and 
W. T. Thiselton Dyer, F.R.S. Reprinted from Nature. 
With a Portrait, engraved by C. H. Jeens. Crown 8vo. 
2s. 6d, {Nature Series,) 

Fearnley.— A manual of practical histology. 

By Dr. W. Fearnley. With Illustrations. Crown 8vo. 

[In the press. 

Flower and Gadow. — an INTRODUCTION TO the 

OSTEOLOGY OF THE MAMMALIA. By William Henry 
Flower, LL.D., F.R.S., Director of the Natural History De- 
partments of the British Mu.seum, late Hunterian Professor of 
Comparative Anatomy and Physiology in the Royal College of 
Surgeons of England. With numerous Illustrations. Third 
Edition. Revised with the assistance of Hans Gadow, Ph.D., 
M.A., Lecturer on the Advanced Morphology of Vertebrates and 
Strickland Curator in the University of Cambridge. Crown 8vo. 
I or. 6d. 

Foster. — Works by Michael Foster, M.D., Sec. R.S., Professor 
of Physiology in the University of Cambridge. 

PRIMER OF PHYSIOLOGY. With numerous Illustrations. 
New Edition. i8mo. is. 

A TEXT-BOOK OF PHYSIOLOGY. With Illustrations. Fourth 
Edition, revised. 8vo. 2ij. 
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Foster and Balfour.— the elements OF embry- 
ology. By Michael Foster, M.A., M.D., LL.D., Sec. R.S., 
Professor of Physiology in the University of Cambridge, Fellow 
of Trinity College, Cambridge, and the late Francis M. Balfour, 
M.A., LL.D., F.R.S., Fellow of Trinity College, Cambridge, 
and Professor of Animal Morphology in the University. Second 
Edition, revised. Edited by Adam Sedgwick, M.A., Fellow 
and Assistant Lecturer of Trinity College, Cambridge, and Walter 
Heape, Demonstrator in the Morphological Laboratory of the 
University of Cambridge. With Illustrations. Crown 8vo. lOf. 6d, 

Foster and Langley. — a COURSE OF elementary 

PRACTICAL PHYSIOLOGY. By Prof. Michael Foster, 
M.D., Sec. R.S., &c., and J. N. Langley, M.A., F.R.S.', Fellow 
of Trinity College, Cambridge. Fifth Edition. Crown 8vo. ^s. 6d, 

Gamgee. — a text-book of the physiological 

CHEMISTRY OF THE ANIMAL BODY. Including an 
Account of the Chemical Changes occurring in Disease. By A. 
Gamgee, M.D., F.R.S., formerly Professor of Physiology in the 
Victoria University the Owens College, Manchester. 2 Vols. 8vo. 
With Illustrations. Vol.1. 18 j. [Vol, IL in ike press. 

Gray.— STRUCTURAL BOTANY, OR ORGANOGRAPHY 
ON THE BASIS OF MORPHOLOGY. To which are added 
the principles of Taxonomy and Phytography, and a Glossary of 
Botanical Terms. By Professor Asa Gray, LL.D. 8vo. los, 6d, 

Hooker. — Works by Sir J. D. HooKER, K.C.S.I., C.B., M.D., 

F R S D.C.L. 
PRIMER OF BOTANY. With numerous Illustrations. New 

Edjtion. i8mo. is. {Science Primers.) 
THE STUDENT'S FLORA OF THE BRITISH ISLANDS. 

Third Edition, revised. Globe 8vo. loj. dd. 

Howes. — AN ATLAS OF PRACTICAL ELEMENTARY 
BIOLOGY. By G. B. Howes, Assistant Professor of Zoology, 
Normal School of Science and Royal School of Mines. With a 
Preface by Thomas Henry Huxley, F.R.S. Royal 4to. 14J. 

Huxley. — Works by Thomas Henry Huxley, F.R.S. 
INTRODUCTORY PRIMER OF SCIENCE. i8mo. \s, 

{Science Primers.) 
LESSONS IN ELEMENTARY PHYSIOLOGY. With numerous 

Illustrations. New Edition Revised. Fcap. 8vo. 4J. dd. 
QUESTIONS ON HUXLEY'S PHYSIOLOGY FOR SCHOOLS. 

By T. Alcock, M.D. New Edition. i8mo. \s. 6d. 

Huxley and Martin. — a COURSE OF PRACTICAL IN- 
STRUCTION IN ELEMENTARY BIOLOGY. By Thomas 
Henry Huxley, F.R.S., assisted by H. N. Martin, M.B., 
D.Sc. New Edition, revised. Crown Svo. 6s. 
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Kane. — EUROPEAN butterflies, a HANDBOOK OF 
By W. F. De Vismks Kanb, M. A., M.R.I. A., Member of the 
Entomological Society of London, &c. With Copper Plate Illustra- 
tions. Crown 8vo. los. 6t/, 

A LIST OF EUROPEAN RHOPALOCERA WITH THEIR 
VARIETIES AND PRINCIPAL SYNONYMS. Reprinted 
from the Handbook of European Butterflies, Crown 8vo. is. 

Klein.— MICRO-ORGANISMS AND DISEASE. An Intro- 
duction into the Study of Specific Micro- Organisms. By E. 
Klein, M.D., F.R.S,, Lecturer on General Anatomy and Ph3rsio- 
logy in the Medical School of St. Bartholomew's Hospital, London. 
With 121 Illustrations. Third Edition, Revised. , Crown 8vo. 6f. 
THE BACTERIA IN ASIATIC CHOLERA. By the Same. 
Crown 8vo. \In preparation. 

Lankester. — Works by Professor E. RAY Lankester, F.R.S. 
A TEXT BOOK OF ZOOLOGY. 8vo. [In preparation. 

DEGENERATION : A CHAPTER IN DARWINISM. Illus- 
trated. Crown 8vo. 2s. 6d. {Nature Series,) 

Lubbock. — Works by Sir John LuBBOCK, M.P., F.R.S., D.C.L. 
THE ORIGIN AND METAMORPHOSES OF INSECTS. 

With numerous Illustrations. New Edition. Crown 8vo. jj. 6d. 

(Nature Series.) 
ON BRITISH WILD FLOWERS CONSIDERED IN RE- 

LATION TO INSECTS. With numerous Illustrations. New 

Edition. Crown 8vo. 4J. 6d. {Nature Series), 
FLOWERS, FRUITS, AND LEAVES. With Illustrations. 

Crown 8vo. 4f. 6d. {Nature Series. ) 

M*Kendrick. — OUTLINES OF PHYSIOLOGY IN ITS RE- 
LATIONS TO MAN. By J. G. M'Kendrick, M.D., F.R.S.E 
With Illustrations. Crown 8vo. 12s. 6d. 

Martin and Moale.— ON the dissection OF verte- 
brate ANIMALS. By Professor H. N. Martin and W. A. 
Moale. Crown 8vo. [In preparation, 

Mivart. — Works by St. George Mivart, F.R.S., Lecturer in 

Comparative Anatomy at St. Mary's Hospital. 
LESSONS IN ELEMENTARY ANATOMY. With upwards of 

400 Illustrations. Fcap. 8vo. 6s. 6d. 
THE COMMON FROG. With numerous Illustrations. Crown 

8vo. 3J. 6d. {Nature Series.) 

Muller.— THE FERTILISATION OF FLOWERS. By Pro- 
fessor Hermann Muller. Translated and Edited by D'Arcy 
W. Thompson, B.A., Professor of Biology in University College, 
Dundee. With a Preface by Charles Darwin, F.R.S. With 
numerous lUustrationF Medium 8vo. 21s. 
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Oliver, — Works by Daniel Oliver, F.R.S., &c., Professor of 
Botany in University College, London, &c. 

riRST BOOK OF INDIAN BOTANY. With numerous Illus- 
trations. Extra fcap. 8vo. 6s. 6d. 

LESSONS IN ELEMENTARY BOTANY. With nearly 200 
Illustrations. New Edition. Fcap. 8vo. 4J. 6d, 

Parker, — A COURSE OF instruction IN ZOOTOMY 
(VERTEBRATA). By T. Jeffrey Parker, B.Sc. London, 
Professor of Biology in the University of Otago, New Zealand. 
With Illustrations. Crown 8vo. 8j. 6d, 

Parker and Bettany,— the MORPHOLOGY OF THE 

SKULL. By Professor W. K. Parker, F.R.S., and G. T. 
Betfany. Illustrated. Crown 8vo. 10s. 6d. 

Smith (W. G.)— DISEASES OF FIELD AND GARDEN 
CROPS, CHIEFLY SUCH AS ARE CAUSED BY FUNGL 
By Worthington G. Smith, F.L.S., M.A.L, Member of the 
Scientific Committee R.H.S. With 143 New Illustrations drawn 
and engraved from Nature by the Author. Fcap. 8vo. 4J. 6d. 

Wiedersheim (Prof.).— elements of the com- 
parative ANATOMY of VERTEBRATES. Adapted 
from the German of Robert Wiedersheim, Professor of Ana- 
tomy, and Director of the Institute of Human andComparative 
Anatomy in the University of Freiburg-in-Baden, by W. 
Newton Parker, Professor of Biology in the University College 
of South Wales and Monmouthshire. i,With Additions by the 
Author and Translator. With Two Hundred and Seventy Wood- 
cuts. Medium 8vo. 12s, 6d, 
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Brunton. — Works by T. Lauder Brunton, M.D., D.Sc, 
F.R.C.P., F.R.S., Assistant Physician and Lecturer on Materia 
Medica at St. Bartholomew's Hospital ; Examiner in Materia 
Medica in the University of London, in the Victoria University, 
and in the Royal College of Physicians, London ; late Examiner 
in the University of Edinburgh. 

A TEXT-BOOK OF PHARMACOLOGY, THERAPEUTICS, 
AND MATERIA MEDICA. Adapted to the United States 
Pharmacopoeia, by Francis H. Williams, M.D., Boston, 
Mass. Third Editiou. Adapted to the New British Pharmaco- 
pceia, 1885. Medium 8vo. 21s. 

TABLES OF MATERIA MEDICA: A Companion to the 
Materia Medica Museum. With Illustrations. New Edition, 
Enlarged. Svo. los. 6d, 



43 MACMILLAN'S EDUCATIONAL CATALOGUE. 



Hamilton.— A textbook of pathology. By D. J. 

Hamilton, Professor of Pathological Anatomy (Sir Erasmus 
"Wilson Chair), University of Aberdeen. 8vo. [In the press, 

Klein.— MICRO-ORGANISMS AND DISEASE. An Intro- 
duction into the Study of Specific Micro-Organisms. By C. 
Klein, M.D., F.R.S., Lecturer on General Anatomy and Physio- 
logy in the Medical School of St. Bartholomew's Hospital, London. 
"With 121 Illustrations. Third Edition, Revised. Crown 8vo ds, 
THE BACTERIA IN ASIATIC CHOLERA. By the Same 
Author. Crown 8vo. \In preparation. 

Ziegler-Macalister.— TEXT-BOOK OF PATHOLOGICAL 

ANATOMY AND PATHOGENESIS. By Professor Ernst 
ZiEGLER of Tiibingen. Translated and Edited for English 
Students by Donald Macalister, M.A.,M.D., B.Sc,F.R.C.P., 
Fellow and Medical Lecturer of St. John's College, Cambridge, 
Physician to Addenbrooke's Hospital, and Teacher of Medicine in 
the University. With numerous Illustrations. Medium 8vo. 

Part I.— GENERAL PATHOLOGICAL ANATOMY. Second 
Edition. I2j. dd. 

Part II.— SPECIAL PATHOLOGICAL ANATOMY. Sections 
I.— VIII. Second Edition. I2j.6^. Sections IX.— XIL I2j.6</. 

ANTHROPOLOGY. 

Flower. — fashion in deformity, as Illustrated in the 
Customs of Barbarous and Civilised Races. By Professor 
Flower, F.R.S., F.R.C.S, With Illustrations. Crown 8vo. 
7.S, 6d, {Nature Series,) 

Tylor. — ^anthropology. An Introduction to the Study ot 
Man and Civilisation. ByE. B. Tylor, D.C.L., F.R.S. With 
numerous Illustrations. Crown 8vo. ^s» 6d, 

PHYSICAL GEOGRAPHY & GEOLOGY. 

Blanford. — the rudiments of physical geogra- 

PHY for the use of INDIAN SCHOOLS ; with a 
Glossary of Technical Terms employed. By H. F. Blanford, 
F.R.S. New Edition, with Illustrations. Globe 8vo. 2s. 6d. 
Geikie. — Works by Archibald Geikie, LL.D., F.R.S., Director 
General of the Geological Survey of Great Britain and Ireland, and 
Director of the Museum of Practical Geology, London, formerly 
Murchison Professor of Geology and Mineralogy in the University 
of Edinburgh, &c. 
PRIMER OF PHYSICAL GEOGRAPHY. With numerous 
Illustrations. New Edition. With Questions. l8mo, is. 
(Science Primers.) 
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Geikie. — Works by Archibald Geikie, LL.D., F.R.S., &c. 

{conHnued) — 
ELEMENTARY LESSONS IN PHYSICAL GEOGRAPHY. 

With numerous Illustrations. New Edition. Fcap. 8vo. 4^. 6d, 

QUESTIONS ON THE SAME. is. ed. 
PRIMER OF GEOLOGY. With numerous Illustrations. New 

Edition. i8mo. is. (Science Primers.) 
CLASS BOOK OF GEOLOGY. With upwards of 200 New 

Illustrations. Crown 8vo. lar. 6d. 
TEXT-BOOK OF GEOLOGY. With numerous Illustrations. 

Second Edition, Fifth Thousand, Revised and Enlarged. 8vo. *2&f. 
OUTLINES OF FIELD GEOLOGY. With Illustrations. New 

Edition. Extra fcap. Svo. 3^. 6d. 

(See also under History and Geography.) 

Huxley.— PHYSIOGRAPHY. An Introduction to the Study 
of Nature. By Thomas Henry Huxley, F.R.S. With 
numerous Illustrations, and Coloured Plates. New and Cheaper 
Edition. Crown 8vo. 6s. 

Phillips.— A TREATISE ON ORE DEPOSITS. By J. Arthur 

Phillips, F.R.S., V.P.G.S., F.C.S., M.Inst.C.E., Ancien fXkve 

de rficole des Mines, Paris ; Author of ** A Manual of Metallurgy," 
"The Mining and Metallurgy of Gold and Silver," &c. With 
numerous Illustratious. 8vo. 25^. 

AGRICULTURE. 

Frankland.— AGRICULTURAL chemical ANALYSIS, 
A Handbook of. By Percy Faraday Frankland, Ph.D., 
B.Sc, F.C.S., Associate of the Royal School of Mines, and 
Demonstrator of Practical and Agricultural Chemistry in the 
Normal School of Science and Royal School of Mines, South 
Kensington Museum. Founded upon Leitfadenfiir die Agriculture 
Chemiche Analyse, von Dr. F. Krocker. Crown Svo. *js. 6d. 

Smith (Worthington G.). — DISEASES OF FIELD AND 
GARDEN CROPS, CHIEFLY SUCH AS ARE CAUSED BY 
FUNGL By Worthington G. Smith, F.L.S., M.A.I., 
Member of the Scientific Committee of the R.H.S. With 143 
Illustrations, drawn and engraved from Nature by the Author. 
Fcap. Svo. 45". 6d. 

Tanner. — Works by Henry Tanner, F.C.S., M.R.A.C., 
Examiner in the Principles of Agriculture under the Government 
Department of Science ; Director of Education in the Institute of 
Agriculture, South Kensington, London ; sometime Professor of 
Agricultural Science, University College, Abei7stwith. 
ELEMENTARY LESSONS IN THE SCIENCE OF AGRI- 
CULTURAL PRACTICE. Fcap. Svo. 3J. ed. 
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Tanner. — Works by Henry Tanner, F.C.S., M.R.A.C., &c. 

{continued) — 
FIRST PRINCIPLES OF AGRICULTURE. i8mo. is. 
THE PRINCIPLES OF AGRICULTURE. A Series of Reading 
Books for use in Elementary Schools. Prepared by Henry 
Tanner, F.C.S., M.R.A.C. Extra fcap. 8vo. 

I. The Alphabet of the Principles of Agriculture. 6d. 
II. Further Steps in the Principles of Agriculture, is, 
HI. Elementary School Readings on the Principles of Agriculture 
for the third stage, is, 

POLITICAL ECONOMY. 

Cossa.— GUIDE TO THE STUDY OF POLITICAL 
ECONOMY. By Dr. LuiGi CossA, Professor in the University 
of Pavia. Translated from the Second Italian Edition. With a 
Preface by W. Stanley Jevons, F.R.S. Crown 8vo. 4*. 6d. 
Fawcett (Mrs.)— Works by Millicent Garrett Fawcett:— 
POLITICAL ECONOMY FOR BEGINNERS, WITH QUES- 
TIONS. Fourth Edition. l8mo. 2s. 6d. 
TALES IN POLITICAL ECONOMY. Crown 8vo. 3^. 

Fawcett.— tA manual of political economy. By 

Right Hon. Henry Fawcett, F.R.S. Sixth Edition, revised, 
with a chapter on ^' State Socialism and the Nationalisation 
of the Land," and an Index. Crown 8vo. 12s, 
Jevons. — PRIMER OF political ECONOMY: By W. 
Stanley Jevons, LL.D., M.A., F.R.S. New Edition. i8mo. 
is. {Science Primers.) 

Marshall. — the economics of industry. By A. 

Marshall, M.A., Professor' of Political Economy in the Uni- 
versity of Cambridge, and Mary P. Marshall, late Lecturer at , 
Newnham Hall, Cambridge. Extra fcap, 8yo. zr. 6d, 
Sidgwick.— THE PRINCIPLES of POLITICAL ECONOMY. 
By Professor Henry Sidgwick, M.A., LL.D., Knightbridge 
Professor of Moral Philosophy in the University of Cjuabridge, 
&c., Author of "The Methods of Ethics." 8vo. i6s. 
Walker. — Works by Francis A. Walker, M.A., Ph.D., Author 
of ** Money," "Money in its Relation to Trade," &c. 

POLITICAL ECONOMY. 8vo. los, 6WL 

A BRIEF TEXT-BOOK OF POLITICAL ECONOMY. Crown 
8vo. 6s. 6d. 

THE WAGES QUESTION. 8vo. 14^. 

MENTAL & MORAL PHILOSOPHY. 

Calderwood,— HANDBOOK OF MORAL PHILOSOPHY. 
By the Rev. Henry Calderwood, LL.D., Professor of Monl 
Philosophy, University of Edijaburgh. New Edition. Crown Svd. df. 
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Clifford. — SEEING AND THINKING. By the late Professor 
W. K. Clifford, F.R.S. With Diagrams. Crown 8vo. $s, 6d. 
(MUure Series.) 

Jardinc— THE elements of the psychology of 

COGNITION. By the Rev. Robert Jardine, B.D., D.Sc. 
(Edin.), Ex-Principal of the General Assembly's College, Calcutta, 
Third Edition, revised and improved. Crown 8vo. &, 6d. 

Jevons. — Works by the late W. Stanley Jevons, LL.D., M.A., 
F.R.S. 

PRIMER OF LOGIC. New Edition. i8mo. u. {Science Primers.) 

ELEMENTARY LESSONS IN LOGIC ; Deductive and Induc- 
tive, with copious Questions and Examples, and a Yocabulary of 
Logical Terms. New Edition. Fcap. 8vo. 35. 6d, 

THE PRINCIPLES OF SCIENCE. A Treatise on Logic and 
Scientific Method. New and Revised Edition. Crown 8vo. 12s, 6ii, 

STUDIES IN DEDUCTIVE LOGIC. Second Edition. Cr. 8vo. 6^. 

Keynes. — formal logic, studies and Exercises in. Including 
a Generalisation of Logical Processes in their application to 
Complex Inferences. By John Neville Keynes, M.A., late 
Fellow of Pembroke College, Cambridge. Crown 8vo. lor, 6</. 

Kant — Max Miiller. — CRITIQUE OF PURE REASON. 

By Immanuel Kant. In commemoration of the Centenary of 
its first Publication. Translated into English by F. Max Muller.' 
With an Historical Introduction by Ludwig Noire. 2 vols. 
Demy 8vo, i6s, each. 
Volume I. HISTORICAL INTRODUCTION, by Ludwig 

NoiRJ*" * &c &c 
Volume ii CRITIQUE OF PURE REASON, translated by 
F. Max Muller. 
For the convenience of students these volumes are now sold separately. 
McCosh. — PSYCHOLOGY.— THE COGNITIVE POWERS. 
By James McCosh, D.D., LL.D., LittD., President of Princeton 
College, Author of ** Intuitions of the Mind," *• Laws of Discursive 
Thought," &c. Crown 8vo. 6s, 6d, 

Ray. — A TEXT-BOOK OF DEDUCTIVE LOGIC FOR THE 
USE OF STUDENTS. By P. K. Ray, D.Sc. (Lon. and Edin.), 
Professor of Logic and Philosophy, Presidency College, Calcutta. 
Second Edition. Globe 8vo. 4^. 6d. 

Sidgwick. — Works by Henry Sidgwick, M.A., LL.D., Knight- 
bridge Professor of Moral Philosophy in the University of 
Cambridge. 
THE METHODS OF ETHICS. Third Edition. 8va 14^. A 
Supplement to the Second Edition, containing all the important 
Additions and Alterations in tlie Third Edition. Demy 8vo. 6s, 
OUTLINES OF THE HISTORY OF ETHICS, for English 
Readers. Crown 8vo. 3^. 6J, 

€ 2 
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Arnold (T.).— the second funic WAR. Being Chaptas 
from THE HISTORY OF ROME. By Thomas Arnold, 
D.D. Edited, with Notes, by W. T. Arnold, M.A. With 8 
Maps. Crown 8vo. 8j. dd. 

Arnold (W. T.).— THE ROMAN SYSTEM of PROVINCIAL 

ADMINISTRATION TO THE ACCESSION of CONST AN- 

TINE THE GREAT. By W. T. Arnold, M.A. Crown 8va 6j. 

"Ought to prove a valuable handbook to the student of Roman history."— 

GlfARDIAN. 

Beesly.— STORIES FROM THE HISTORY OF ROME. 
By Mrs. Beesly. Fcap. 8vo. 2x. 6//. 

Bryce.— THE HOLY ROMAN EMPIRE. By James Bryce, 
p. C. L. , Fellow of Oriel Collie, and R^us Professor of Civil Law 
in the University of Oxford. Eighth Edition. Crown 8vo. yj. dd, 

Buckland.— OUR NATIONAL INSTITUTIONS. A Short 
Sketch for Schools. By Anna Buckland. i8tno. u. 

Buckley.— A HISTORY OF ENGLAND FOR BEGINNERS. 

By Arabella Buckley. Author of ** A Short History of Natural 

Science," &c. With Maps. Globe 8vo. {Nearly ready, 

Clarke. — CLASS-BOOK OF GEOGRAPHY. By C. B. Clarke, 

M.A., F.L.S., F.G.S., F.R.S. New Edition, with Eighteen 

Coloured Maps. Fcap. 8vo. 3^. 

Dicey.— LECTURES INTRODUCTORY TO THE STUDY 
OF THE LAW OF THE CONSTITUTION. By A. V. Dicey, 
B.C.L., of the Inner Temple, Barrister-at-Law ; Vinerian Professor 
of English Law ; Fellow of All Souls Collie, Oxford ; Hon. LL.D. 
Glasgow. Second Edition. Demy 8vo. I2J. dd, 

Dickens's DICTIONARY OF THE UNIVERSITY OF 
OXFORD, 1886-7. i8mo, sewed, u. 

Dickens's DICTIONARY OF THE UNIVERSITY OF 

CAMBRIDGE, 1886-7. i8mo, sewed, is. 

Both books (Oxford and Cambridge) bound together in one volume. 

Cloth. 25. 6d, 
Freeman. — Works by Edward A. Freeman, D.C.L., LL.D., 

Regius Professor of Modem History in the University of Oxford, &c. 
OLD ENGLISH HISTORY. With Five Coloured Maps. New 

Edition. Extra fcap. 8vo. 6s. 
A SCHOOL HISTORY OF ROME. Crown 8vo. \In preparation. 
METHODS OF HISTORIC AL STUDY. A Course of Lectures. 

8vo. 10 J. 6d, 
THE CHIEF PERIODS OF EUROPEAN HISTORY. Six 

Lectures read in the University of Oxford in Trinity Term, 1885. 

With an Essay on Greek Cities under Roman Rule. 8vo. lor. 6^. 
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Freeman. — Works by Edward a Freeman, D.C.L., LLD., &c. 
{continued) — 
HISTORICAL ESSAYS. First Series. Fourth Edition. 8vo. 
icxr. 6d. 

Contents :— The Mythical and Romantic Elements in Early English History — 
The Continuity of English History — The Relations between the Crown of 
England and Scotland — St. Thomas of Canterbury and his Biographers, &c. 
HISTORICAL ESSAYS. Second Series. Second Edition, with 
additional Essa)rs. 8vo. los. 6d. 
Contents: — ^Ancient Greece and Mediaeval Italy — Mr. Gadstone's Homer and 
the Homeric Ages — The Historians of Athens — The Athenian Democracy — 
Alexander the Great — Greece during the Macedonian Period — Monimsen's 
History of Rome — Lucius Cornelius Sulla — ^The Flavian Caesars, &c., &c. 
HISTORICAL ESSAYS. Third Series. 8vo. 12s, 
Contents : — First Impressions of Rome — ^The lUyrian Emperors and their Land 
— ^Aug^sta Treverorum — The Goths at Ravenna — Race and Language — The 
Byzantine Empire — First Impressions of Athens — Mediaeval and Modern 
Greece — The Southern Slaves — Sicilian Cycles — The Normans at Palermo. 

THE GROWTH OF THE ENGLISH CONSTITUTION FROM 
THE EARLIEST TIMES. Fourth Edition. Crown 8vo. 5^. 

GENERAL SKETCH OF EUROPEAN HISTORY. New 
Edition. Enlarged, with Maps, &c. i8mo. y, dd, (Vol. I. of 
Historical Course for Schools.) 

EUROPE. i8mo. is. (History Primers.) 

Fyffe. — A SCHOOL history of GREECE. By C. A. Fyffe, 
M. A. Crown 8vo. [In preparation. 

Geikie. — the teaching of geography, a Practical 
Handbook for the use of Teachers. By Archibald Geikie, 
F.R.S., Director-General of the Geological Survey of the United 
Kingdom, and Director of the Museum of Practical Geology, 
Jerm)m Street, London ; formerly Murchison Professor of Geology 
and Mineralogy in the University of Edinburgh. Crown 8vo. 
Being Volume I. of a New Geographical Series Edited by Archi- 
bald Geikie, F.R.S. [In the press. 
*^* The aim of this volume is to advocate the claims of geography as 
an educational discipline of a high order, and to show how these 
claims may be practically recognised by teachers. This introduc- 
tory volume is intended to be followed by a short Geography of the 
British Islands, and then by other volumes as announced on pp.48,49. 

Green. — Works by John Richard Green, M. A., LL.D., 

late Honorary Fellow of Jesus College, Oxford. 

SHORT HISTORY OF THE ENGLISH PEOPLE. With 

Coloured Maps, Genealogical Tables, and Chronological Annals. 

Crown 8vo. %s, 6d. 1 22nd Thousand. 

* Stands alone as the one general history of the country, for the sake of which 

all others, if young and old are wise, will be speedily and surely set aside." — 

A.CADEMV. 

ANALYSIS OF ENGLISH HISTORY, based on Greenes ** Short 
History of the English People." By C. W. A. Tait, M.A., 
Assistant-Master, Clifton College. Crov. n 8vo. 3^. 6d. 
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Green. — Works by John Richard Green, M.A., LL.D., &c 

(continuea) — 

READINGS FROM ENGLISH HISTORY. Selected and 
Edited by John Richard Green. Three Parts. Globe 8vo. 
is. 6d. each. I. Hengist to Cressy. II. Cressy to Cromwen. 
III. Cromwell to Balaklava. 

Green. — a short GEOGRAPHY OF THE BRITISH 
ISLANDS. By John Richard Green and Alice Stopford 
Green. With Maps. Fcap. 8vo. 31. 6</. 

Grove.— A PRIMER OF GEOGRAPHY. By Sir George 
Grove, D.C.L. With Illustrations. i8mo. u. (Scimce 
Primers,) 

Guest.— LECTURES ON THE HISTORY OF ENGLAND- 
By M. J. Guest. With Maps. Crown 8vo. 6s, 

Historical Course for Schools — Edited by Edward a. 

Freeman, D.C.L., LL.D., late Fellow of Trinity College, Oxford, 

Regius Professor of Modem History in the University of Oxford. 
I.— GENERAL SKETCH OF EUROPEAN HISTORY. By 

Edward A. Freeman, D.C.L. New Edition, revised and 

enlarged, with Chronological Table, Maps, and Index. i8mo. y, 6d, 
II.— HISTORY OF ENGLAND. By Edith Thompson. New 

Ed., revised and enlarged, with Coloured Maps. i8mo. 2s. 6d. 
III.— HISTORY OF SCOTLAND. By Margaret Macarthur. 

New Edition. i8mo. 2s, 
IV.— HISTORY OF ITALY. By the Rev. W. Hunt, M.A. 

New Edition, with Coloured Maps. iSmo. 3^. 6d. 
v.— HISTORY OF GERMANY. .By J. Sime, M.A. New 

Edition Revised. i8mo. 3J. 
VI.— HISTORY OF AMERICA. By John A. Doyle. With 

Maps. i8mo. 4J. 6d. 
VII.— EUROPEAN COLONIES. By E. J. Payne, M.A. With 

Maps. i8mo. 4?. 6d. 
VIII.— FRANCE. By Charlotte M. Yonge. With Maps. 

i8mo. 3^. 6d, 
GREECE. By Edward A. Freeman, D.C.L. [In preparation, 
ROME. By Edward A. Freeman, D.C.L. \ln preparation. 

History Primers— Edited by John Richard Green, M.A., 

LL.D., Author of ** A Short History of the English People." 
ROME. By the Rev. M. Creighton, M.A., Dixie Professor of 

Ecclesiastical History in the University of Cambridge. With 

Eleven Maps. i8mo. is, 
GREECE. By C. A. Fyffe, M.A., Fellow and late Tutor of 

University College, Oxford. With Five Maps. i8mo. is, 
EUROPEAN HISTORY. By E. A. Freeman, D.C.L., LL.D. 

With Maps. i8mo. is. 



HISTORY AND GEOGRAPHY. 55 

History Primers. — Edited by John Richard Green, M.A., 

LL.D., &c. (continued) — 
GREEK ANTIQUITIES. By the Rev. J. P. Mahaffy, M.A. 

Illustrated. i8mo. is. 
CLASSICAL GEOGRAPHY. By H. F. Tozer, M.A. i8mo. is, 
GEOGRAPHY. By Sir G. Grove, D.C.L. Maps. i8mo. i^. 
ROMAN ANTIQUITIES. By Professor Wilkins. IUus- 

trated. i8mo. is. 
FRANCE. By Charlotte M. Yonge. i8mo. is. 

Hole.— A GENEALOGICAL STEMMA dF THE KINGS OF 
ENGLAND AND FRANCE. By the Rev. C. Hole. On 
Sheet, is, 

Jennings— CHRONOLOGICAL TABLES. Compiled by Rev. 
A. C. Jennings. [In the press. 

Kiepert. — a manual of ancient geography. From 
the German of Dr. H. Kiepert. Crown 8vo. 5^. 

Labberton.— AN HISTORICAL atlas. Comprising 141 
Maps, to which is added, besides an Explanatory Text on the 
period delineated in each Map, a carefully selected Bibliography 
of the English Books and Magazine Articles bearing on that 
Period. By R. H. Labberton, LittHum.D. 4to. 12s. 6d. 

Lethbridge.— A SHORT manual of the history OF 

INDIA. With an Account of India as it is. TTie Soil, 
Climate, and Productions ; the People, their Races, Religions, 
Public Works, and Industries ; the Civil Services, and System of 
Administration. By Sir Roper Lethbridge, M.A., CLE., late 
Scholar of Exeter College, Oxford, formerly Principal of Kishiiairhur 
College, Bengal, Fellow and sometime Examiner of the Calcutta 
University. With Maps. Crown 8vo. 5^. 

Michelet. — a summary of modern history. Trans- 
lated from the French cff M. Michelet, and continued to the 
Present Time, by M. C. M. Simpson. Globe 8vo. 41. 6d. 

Ott^.— SCANDINAVIAN HISTORY. By E. C. OTTfi. With 
Maps. Globe 8vo. 6s, 

Ramsay. — a school history of rome. By G. G. 

Ramsay, M.A., Professor of Humanity in the University of 
Glasgow. With Maps. Crown 8vo. [In preparation. 

Tait. — analysis of English history, based on Green's 
"Short History of the English People." By C. W. A. Tait, 
M.A., Assistant-Master, Clifton College. Crown 8vo. 3J. dd. 

Wheeler.— A short history of india and of the 

FRONTIER states OF AFGHANISTAN, NEPAUL, 
and BURMA. By J. Talboys Wheeler. With Maps. 
Crown 8vo. 12.S, 
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Yonge (Charlotte M.). — CAMEOS FROM ENGLISH 

HISTORY. By Charlotte M. Yonge, Author of " The Heir 
of Redclyffe," Extra fcap. 8vo. New Edition. $s, each, (i) 
FROM ROLLO TO EDWARD II. (2) THE WARS IN 
FRANCE. (3) THE WARS OF THE ROSES. (4) REFOR- 
MATION TIMES. (5) ENGLAND AND SPAIN. (6) FORTY 
YEARS OF STUART RULE. 

EUROPEAN HISTORY. Narrated in a Series of Historical 
Selections from the Best Anthorities. Edited and arranged by 
E. M. Sew ELL and C. M. Yonge. First Series, 1003 — 1154. 
New Edition. Crown 8vo. dr. Second Series, 1088 — 1228. 
New Edition. Crown 8vo. 6s. 

THE VICTORIAN HALF CENTURY— A JUBILEE BOOK. 
With a New Portrait of the Queen. Crown 8vo. paper covers, is. 
Cloth, IS. 6r/. 



MODERN LANGUAGES AND 

LITERATURE. 

(i) English, (2) French, (3) German, (4) Modern 
Greek, (5) Italian. 

ENGLISH. 

Abbott. — A SHAKESPEARIAN GRAMMAR. An attempt to 
illustrate some of the Differences between Elizabethan and Modem 
English. By the Rev. E. A. Abbott, D.D., Head Master of the 
City of London School. New Edition. Extra fcap. 8vo. 6s, 

Brooke. — primer of English literature. By the 

Rev. Stopford a. Brooke, M.A. i8mo. is, (JLUeralure 
Primers.) 
Butler. — HUDIBRAS. Edited, with Irtroduction and Notes, by 
Alfred Milnes, M.A. Lon., late Student of Lincoln College, 
Oxford. Extra fcap 8vo. Parti. y.6d. Parts II. and III. ^.6d. 

Cowper's TASK: AN EPISTLE TO JOSEPH HILL, ESQ.; 
TIROCINIUM, or a Review of the Schools; and THE HIS- 
TORY OF JOHN GILPIN. Edited, with Notes, by William 
Benham, B.D. Globe 8vo. u. {Globe Readings frotn Standard 
Authors.) 

Dowden. — SHAKESPEARE. By Professor Dowden. i8mo. 

I s. {Literature Primers. ) 
Dry den. — SELECT PROSE WORKS. Edited, with Introduction 

and Notes, by Professor C. D. Yonge. Fcap. 8vo. 2s. 6d. 

Gladstone. — spelling reform from an educa- 
tional POINT OF VIEW. By J. H. Gladstone, Ph.D., 
F.R.S., Member of the School Board for London. New Edition. 
Crown 8vo. is. 6d. 
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Globe Readers. For Standards I.— VI. Edited by A. F. 
MuRisoN. Sometime English Master at the Aberdeen Grammar 
School. With Illustrations. Globe 8vo. 

Book III. (232 pp.) IS. 3^. 



Primer I. (48 pp.) 2^. 

Primer II. (48 pp.) 3^/. 

Book I. (96 pp.) 6(/. 

Book 11. (136 pp.) g(/. 



Book IV. (328 pp. ) I J. gd. 
Book V. (416 pp.) 2 J. 
Book VI. (448 pp.) 2s. 6d. 



•* Among the numerous sets of readers before the public the present series is 
honourably distinguished by the marked superiority of its materials and the 
careful ability with which they have been adapted to the growing capacity of the 
pupils. The plan of the two primers is excellent for facilitating the child's first 
attempts to read. In the first three following books there is abundance of enter- 
taining reading. .... Better food for young minds could hardly be foimd."— 
The ATHENieu.M. 

♦The Shorter Globe Readers. — with Illustrations. Globe 
8vo. 



Primer I. (48 pp.) 3^. 
Primer II. (48 pp.) 3^. 
Standard I. (92 pp.) 6^. 
Standard 11. (124 pp.) gd. 



Standard IIL (178 pp.) w. 
Standard IV. (182 pp.) is. 
Standard V. (216 pp.) is, 3d. 
Standard VI. (228 Pp.) is* ^d. 



• This Series has been abridged Irom *'The Globe Readers** to meet the demand 
or smaller reading books. 

GLOBE BEADINGS FROM STANDARD AUTHORS. 

Cowper'STASK: AN EPISTLE TO JOSEPH HILL, ESQ.; 
TIROCINIUM, or a Review of the Schools ; and THE HIS- 
TORY OF JOHN GILPIN. Edited, with Notes, by William 
Benham, B.D. Globe 8vo. is. 

Goldsmith's VICAROF WAKEFIELD. With a Memoir of 
Goldsmith by Professor Masson. Globe 8vo. is. 

Lamb's (Charles) tales from Shakespeare. 

Edited, with Preface, by Alfred Ainger, M.A. Globe 
8vo. 2S, 

Scott's (Sir Walter) lay of the last MINSTREL; 
and THE LADY OF THE LAKE. Edited, with Introductions 
and Notes, by Francis Turner Palgrave. Globe 8vo. is. 
MARMION ; and the LORD OF THE ISLES. By the same 
Editor. Globe 8vo. is. 

The Children's Garland from the Best Poets.— 

Selected and arranged by Coventry Patmore. Globe 8vo. 2s, 

Yonge (Charlotte M.).— A BOOK OF golden deeds 

OF ALL TIMES AND ALL COUNTRIES. Gathered and 
narrated anew by Charlotte M. Yonge, the Author of ** The 
Heir of Redclyffe." Globe 8vo. 2s. 
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Goldsmith, — the TRAVELLER, or a Prospect of Society ; 
and THE DESERTED VILLAGE. By Oliver Goldsmith. 
With Notes, Philological and Explanatory, by J. W. Hales, M.A. 
Crown 8vo. 6d, 
THE VICAR OF WAKEFIELD. With a Memoir of Goldsmith 
by Professor Masson. Globe Svo. is, {Globe Readings from 
Standard Authors.) 
SELECT ESSAYS. Edited, with Introduction and Notes, by 
Professor C. D. Yonge. Fcap. Svo. 2s. 6d, 

Hales. — LONGER ENGLISH POEMS, with Notes, Philological 
and Explanatory, and an Introduction on the Teaching of English, 
Chiefly for Use in Schools. Edited by J. W. • Hales, M. A., 
Professor of English Literature at King's College, London. New 
Edition. Extra fcap. Svo. 4s, 6d. 

Johnson's LIVES OF THE POETS. The Six Chief Lives 
(Milton, Dryden, Swift, Addison, Pope, Gray), with Macaulay's 
** Life of Johnson." Edited with Preface and Notes by Matthew 
Arnold. New and cheaper editioni Crown Svo. 4s. 6d, 

Lamb (Charles).— tales from Shakespeare. Edited, 

with Preface, by Alfred Ainger, M.A. Globe Svo. 2s, 
(G/pde Readings from Standard Authors.) 

Literature Primers — Edited by John Richard Green, 

. M.A., LL.D., Author of "A Short History of the English People.** 
ENGLISH COMPOSITION. By Professor Nichol. iSmo. u. 
ENGLISH GRAMMAR. By the Rev. R. Morris, LL.D., some- 

time President of the Philological Society. i8mo. \s. 
ENGLISH GRAMMAR EXERCISES. • By R. Morris, LL.D., 

and H. C. Bowen, M.A. iSmo. is, 
EXERCISES ON MORRIS'S PRIMER OF ENGLISH 

GRAMMAR. By John Wetherell, of the Middle School, 

Liverpool College. i8mo. is, 
ENGLISH LITERATURE. By Stopford Brooke, M.A. New 

Edition. i8mo. is, 
SHAKSPERE. By Professor Dowden. iSmo. is, 
THE CHILDREN'S TREASURY OF LYRICAL POETRY. 

Selected and arranged with Notes by Francis Turner Pal- 
grave. In Two Parts. iSmo. is. each. 
PHILOLOGY. By J. Peile, M.A. iSmo. is. 

A History of English Literature in Four Volumes. 

Crown Svo. 
EARLY ENGLISH LITERATURE. By Stopford Brooke, 
M . A. \ln preparation. 

ELIZABETHAN LITERATURE. By George Saintsbury. 

[/« the press, 
THE AGE OF QUEEN ANNE. By Edmund Gosse. {In prep, 
THE MODERN PERIOD. By Professor E. Dowden. [In prep. 
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Macmillan's Reading Books.— Adapted tojthe English and 
Scotch Codes. Bound in Cloth. 



PRIMER. i8mo. (48 pp.) 2d, 
BOOK I. for Standard I. i8mo. 

(96 pp.) 4'/. 
BOOK II. for Standard II. l8mo. 

(144 pp.) 5^. 
BOOK V. for Standard V. i8mo. 

(380 pp.) \s. 



BOOK III. for Standard III. 
i8mo. (160 pp.) dd, 

BOOK IV. for Standard IV. 

i8mo. (176 pp.) %d, 
BOOK VI. for Standard VI. Cr. 
8vo. (430 pp.) 2J. 
Book Vl. is fitted for higher Classes, and as an Introduction to 
English Literature. 

Macmillan's Copy-Books — 

Published in two sizes, viz. : — 

1. Large Post 4to. Price 4z/. each. 

2. Post Oblong. Price 2d, each. 

1. INITIATORY EXERCISES AND SHORT LETTERS. 

2. WORDS CONSISTING OF SHORT LETTERS. 

♦3. LONG LETTERS. With Words containing Long Letters— Figures. 

*4. WORDS CONTAINING LONG LETTERS. 

4a. PRACTISING AND REVISING COPY-BOOK. ForNos. 1104. 

*5. CAPITALS AND SHORT HALF-TEXT. Words beginning with a Capital. 

»6. HALF-TEXT WORDS beginning with Capitals— Figures. 

*^. SMALL-HAND AND HALF-TEXT. With Capitals and Figures. 

♦8. SMALL-HAND AND HALF-TEXT. With Capitals and Figures. 

8a. PRACTISING AND REVISING COPY-BOOK. For Nos. 5 to 8. 

♦9. SMALL-HAND SINGLE HEADLINES— Figures. 

10. SMALL-HAND SINGLE HEADLINES-Figures. 

11. SMALL-HAND DOUBLE HEADLINES-Figures. 

12. COMMERCIAL AND ARITHMETICAL EXAMPLES, &c. 

X2a. PRACTISING AND REVISING COPY-BOOK. For Nos. 8 to la. 
* These numbers may be had wrth Goodman! s Patent Sliding 
Copies, Large Post 4to. Price (>d, each. 

Martin.— THE POET'S HOUR : Poetry selected and arranged 
for Children. By Frances Martin. New Edition. i8mo. 
2s. 6d. 
SPRING-TIME WITH THE POETS: Poetry selected by 
Frances Martin. New Edition. i8mo. 3^ 6d, 

Milton. — By Stopford Brooke, M.A. Fcap. 8vo. u. 6d* 
(Classical Writers Series.) 

Morris. — Works by the Rev. R. Morris, LL.D. 
HISTORICAL OUTLINES OF ENGLISH ACCIDENCE, 

comprising Chapters on the History and Development of the 

Language, and on Word-formation. New Edition. Extra fcap. 

8vo. 6j. 
ELEMENTARY LESSONS IN HISTORICAL ENGLISH 

GRAMMAR, containing Accidence and Word-formation. New 

Edition. i8mo. 2s, 6d. 
PRIMER OF ENGLISH GRAMMAR. i8mo. is, (See also 

Literature Primers,) 
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Oliphant.— THE OLD AND MIDDLE ENGLISH. A New 

Edition of "THE SOURCES OF STANDARD ENGLISH," 

revised and greatly enlarged. By T. L. KiNGTON Oliphant. 

Extra fcap. 8vo. gs, 

THE NEW ENGLISH. By the same Author. 2 vols. Cr. 8vo. 21J. 

Palgrave.— THE children's treasury of lyrical 

POETRY. Selected and arrangred, with Notes, by Francis 
Turner Palgrave. i8mo. is. 6d, Also in Two Parts. 
iSmo. is. each. 

Patmore.— THE children's garland from the 

BEST POETS. Selected and arranged by Coventry Patmore. 

Globe 8vo. 2s. (Globe Readings from Standard Authors.) 
Plutarch. — Being a Selection from the Lives which lUostrate 

Shakespeare. North's Translation. Edited, with Introductions, 

Notes, Index of Names, and Glossarial Index, by the Rev. W. 

W. Skeat, M.A. Crown 8vo. dr. 
Scott's (Sir Walter) LAYOFTHE LAST MINSTREL, 

and THE LADY OF THE LAKE. Edited, with Introduction 

and Notes, by Francis Turner Palgrave. Globe 8vo. is, 

{Globe Readings from Standard Authors.) 
MARMION ; and THE LORD OF THE ISLES. By the same 

Editor. Globe 8 vo. is. {Globe Readings from Standard Authors.) 
Shakespeare. — A SHAKESPERIAN grammar. By Rev. 

E A. Abbott, D.D., Head Master of the City of London School 

Globe 8vo. 6s. 
A SHAKESPEARE MANUAL. By F. G. Fleay, M.A., late 

Head Master of Skipton Grammar School. Second Edition. 

Extra fcap. Svo. 4f. 6d. 
PRIMER OF SHAKESPEARE. By Professor Dov^tden. i8mo. 

is. {Literature Ff imers. ) 

Sonnenschein and Meiklejohn. — THE ENGLISH 
METHOD OF TEACHING TO READ. By A. Sonnen- 
schein and J. M. D. Meiklejohn, M.A. Fcap. Svo. 

COMPRISING : 

THE NURSERY BOOK, containing all the Two-Letter Words 

in the Language, id. (Also in Large Type on Sheets for 

School Walls. S-y-) 
THE FIRST COUKSiE, consisting of Short Vowels with Smgle 

Con*;onants. (}d. 
THE SECOND COURSE, with Combinations and Bridges, 

consisting of Short Vowels with Double Consonants. 6</. 
THE THIRD AND FOURTH COURSES, consisting of Long 

Vowels, and all the Double Vowels in the Language. 6</, 

'*lliese are admirable books, because they are constructed on a principle, and 
that the simplest principle on which it is possible to learn to read English."— 
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Taylor.— WORDS and places ; or, Etymological Illustra- 
tions of History, Ethnology, and Geography. By the Rev. 
Isaac Taylor, M.A., Litt. D., Hon. LL.D., Canon of York. 
Third and Cheaper Edition, revised and compressed. With Maps. 
Globe 8vo. 6s, 

Tennyson. — The COLLECTED WORKS of LORD TENNY- 
SON, Poet Laureate. An Edition for Schools. In Four Parts. 
Crown 8vo. 2s. 6d. each. 
SELECTIONS FROM LORD TENNYSON'S POEMS. Edited 
with Notes for the Use of Schools. By the Rev. Alfred 
AiNGER, M.A., LL.D. \In preparation. 

Thring. — THE ELEMENTS OF GRAMMAR TAUGHT IN 
ENGLISH. By Edward Thring, M.A., Head Master of 
Uppingham. With Questions. Fourth Edition. i8mo. 25. 

Vaughan (CM.).— words from THE poets. By 

C. M. Vaughan. New Edition. i8mo, cloth. \s. 
Ward. — THE ENGLISH POETS. Selections, with Critical 

Introductions by various Writers and a General Introduction by 

Matthew Arnold. Edited by T. H. Ward, M.A. 4 Vols. 

Vol. I. CHAUCER TO DONNE.— Vol. II. BEN JONSON 

TO DRYDEN.— Vol. III. ADDISON to BLAKE.— Vol. IV. 

WORDSWORTH to ROSS^TTI. Crown 8vo. Each yj. 6rf. 
Wetherell. — EXERCISES ON MORRIS'S PRIMER OF 

ENGLISH GRAMMAR. By John Wetherell, M.A. 

i8mo. is. {Literature Primers.) 
Woods.— A FIRST SCHOOL POETRY BOOK. Compiled 

by M. A. Woods, Head Mistress of the Clifton High School for 

Girls. Fcap. 8vo. 2J. 6d. 
A SECOND SCHOOL POETRY BOOK. By the same Author. 

Fcap. 8vo, [/« preparation. 

Yonge (Charlotte M.). — the abridged BOOK OF 

GOLDEN DEEDS. A Reading Book for Schools and general 
readers. By the Author of "The Heir of Redclyffe." i8mo, cloth, is, 
GLOBE READINGS EDITION. Globe 8vo. 25, (See p. 56.) 

FRENCH. 
Beaumarchais. — le barrier de Seville. Edited, 

with Introduction and Notes, by L. P. Blouet, Assistant Master 
in St. Paul's School. Fcap. 8vo. 35. 6d. 

Bowen. — first lessons in French. By h. cour- 

THOPE BoWEN, M.A., Principal of the Finsbury Training College 
for Higher and Middle Schools. Extra fcap. 8vo. \s. 
Breymann. — Works by Hermann Breymann, Ph.D., Pro- 
fessor of Philology in the University of Munich. 
A FRENCH GRAMMAR BASED ON PHILOLOGICAL 

PRINCIPLES. Second Edition. Extra fcap. 8vo. 4^. dd, 
FIRST FRENCH EXERCISE BOOK. ExVy?. Iw^-v.^no. ^^-^^ 
SECOND FRENCH EXERCISE B001?L. lE.^\ia.i^^.%sQ. "as.^« 
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Fasnacht. — Works by G. EuG^NE Fasnacht, Author of " Mac- 
millan's Progressive French Course," Editor of **Macmillan*s 
Foreign School Classics," &c. 

THE ORGANIC METHOD OF STUDYING LANGUAGES. 
Extra fcap. 8vo. I. French. 3J. (>d. 

A SYNTHETIC FRENCH GRAMMAR FOR SCHOOLS. 
Crown 8vo. y. dd, 

GRAMMAR AND GLOSSARY OF THE FRENCH LAN- 
GUAGE OF THE SEVENTEENTH CENTURY. Crown 
8vo. \In preparcUion, 

Macmillan's Primary Series of French and 
German Reading Books. — Edited by G. Eugene 

Fasnacht, Assistant-Master in Westminster School. With 
Illustrations. Globe 8vo. 

DE MAISTRE— LA JEUNE SIB^RIENNE ET LE L^PREUX 

DE LA CITE D*AOSTE. Edited, with Introduction, Notes, 
and Vocabulary. By Stephane Barlet, B. Sc. Univ. Gall, and 
London ; Assistant- Master at the Mercers* School, Examiner to 
the College of Preceptors, the Royal Naval Collie, &c. ix. (yd, 

GRIMM— KINDER UND HAUSMARCHEN. Sdlected and 
Edited, with Notes, and Vocabulary, by G. E. Fasnacht. ts, 

HAUFF.— DIE KARAVANE. " Edited, with Notes and Vocabu- 
lary, by Herman Hager, Ph.D. Lecturer in the Owens College, 
Manchester. 2s. 6d. 

LA FONTAINE— A SELECTION OF FABLES. Edited, with 
Introduction, Notes, and Vocabulary, by L. M. MORIARTY, B.A., 
Professor of French in King's College, London. 2s. 

PERRAULT— CONTES DE F^ES. Edited, with Introduction, 
Notes, and Vocabulary, by G. E. Fasnacht. is, 

G. SCHWAB— ODYSSEUS. With Introduction, Notes, and 
Vocabulary, by the same Editor. \In preparation. 

Macmillan's Progressive French Course. — By G. 

EuGfeNE Fasnacht, Assistant-Master in Westminster School. 
I. — First Year, containing Easy Lessons on the Regular 

Accidence. Extra fcap. 8vo. is, 
II. — Second Year, containing an Elementary Grammar with 

copious Exercises, Notes, and Vocabularies. A new Edition, 

enlarged and thoroughly revised. Extra fcap. 8vo. 2J. 
III. — Third Year, containing a Systematic Syntax, and Lessons 

in Composition. Extra fcap. 8vo. 2J. (>d, 

THE TEACHER^S COMPANION TO MACMILLAN'S 

PROGRESSIVE FRENCH COURSE. With Copious Notes, 

Hints for Different Renderings, Synonyms, Philological Remarks, 

tc. By G, E. Fasnacht. G\o\» ''&vo, Sgcand Year 4^. ^ 

Hird Year 4J. 6d. 
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Macmillan's Progressive French Readers. By 

G. EuGfeNE Fasnacht. 
I. — First Year, containing Fables, Historical Extracts, Letters, 

Dialogues, Ballads, Nursery Songs, &c., with Two Vocabularies: 

(i) in the order of subjects ; (2) in alphabetical order. Extra 

fcap. 8vo. 2s. 6d, 
II. — Second Year, containing Fiction in Prose and Verse, 

Historical and Descriptive Extracts, Essays, Letters, Dialogues, 

&c. Extra fcap. 8vo. 2s. 6d, 

Macmillan's Foreign School Classics. Edited by G. 
Eugene Fasnacht. i8mo. 

FRENCH. 

CORNEILLE— LE CID. Edited by G. E. Fasnacht. is, 
DUMAS—LES DEMOISELLES DE ST. CYR. Edited bv 

Victor Oger, Lecturer in University College, Liverpool, is. 6d. 
LA FONTAINE'S FABLES. Books L— VI. Edited by L. M. 

Moriarty, B. a.. Professor of French in King's College, London. 

\In preparation, 
MOLlfeRE— L'AVARE. By the same Editor, is, 

MOLlf:RE— LE BOURGEOIS GENTILHOMINJE. - By the same 
Editor, i^. 6d, 

MOLI^RE— LES FEMMES SAVANTES. By G. E. Fasnacht. 

IS, 

MOLlfeRE— LE MISANTHROPE. By the same Editor. ' is, 

MOLIERE---LE MEDECIN MALGRE LUI. By the same 
Editor, is, 

RACINE— BRITANNICUS. Edited by Eugene Pelltssier, 

Assistant- Master in Clifton College, and Lecturer in University 

College, Bristol. 2s. 
FRENCH READINGS FROM ROMAN HISTORY. Selected 

from Various Authors and Edited by C. Colbeck, M.A., late 

Fellow of Trinity College, Cambridge; Assistant -Master at 

Harrow. 45. 6d, 
SAND, GEORGE— LA MARE AU DIABLE. Edited by W. E. 

Russell, M.A., Assistant Master in Haileybury College, is. 
SANDEAU, JULES— MADEMOISELLE DE LASBIGLIERE. 

Edited by H. C. Steel, Assistant Master in Winchester College. 

is. 6d. 
THIERS^S HISTORY OF THE EGYPTIAN EXPEDITION. 

Edited by R'^v. H. A. Bull, M.A. Assistant-Master in 

"Wellington College. [7» preparation, 

VOLTAIRE— CHARLES XIL Edited by G. E. Fasnacht. 3^.6^. 

*#* Other volumes to Jollow. 
(See also German Authers, page 65.) 
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Masson (Gustave).— a compendious dictionary 

OF THE FRENCH LANGUAGE (French-English and EngUsh- 
French). Adapted from the Dictionaries of Professor Alfred 
Elwall. Followed by a List of the Principal Diverging 
Derivations, and preceded by Chronological and Historical Tables. 
By Gustave Masson, Assistant Master and Librarian, Harrow 
School. New Edition. Crown 8vo. 6j. 
Moliere. — LE MALADE IMAGINAIRE. Edited, with Intro- 
duction and Notes, by Francis Tarver, M.A,, Assistant Master 
at Eton. Fcap. 8vo. 2s. 6d. 

(See also MacmillarCs Foreign School Classics.) 
Pellissier. — FRENCH ROOTS AND THEIR FAMILIES. A 
Synthetic Vocabulary, based upon Derivations, for Schools and 
Candidates for Public Examinations. Jiy Eugene Pellissier, 
M.A., B.Sc, LL.B., Assistant Master at Clifton College, Lecturer 
at University College, Bristol. Globe 8vo. 6f. 

GERMAN, 

HUSS.— A SYSTEM OF ORAL INSTRUCTION IN GERMAN, 
by means of Progressive Illustrations and Applications of the 
leading Rules of Grammar. By Hermann C. O. Huss, Ph.D. 
Crown 8vo. $s. 

Macmillan's Progressive German Course. By G. 

EUGfeNE FASNACHT. 

Part I. — First Year. Easy Lessons and Rules on the Regular 
Accidence. Extra fcap. 8vo. is. 6d. 

Part II. — Second Year. Conversational Lessons in Sjrstematic 
Accidence and Elementary Syntax. With Philological Illustrations 
and Etymological Vocabulary. New Edition, enlarged and 
thoroughly recast. Extra fcap. 8vo. 3^. 6d. 

Part III. — Third Year. [In preparation. 

TEACHER'S COMPANION TO MACMILLAN'S PROGRES- 
SIVE GERMAN COURSE. With copious Notes, Hints for 
Different Renderings. Synonyms, Philological Remarks, &c. By 
G. E. Fasnacht. Extra Fcap. 8vo. First Year. 4^. 6d. 

Second Year. 4?. 6d. 
Macmillan's Progressive German Readers. By 
G. E. Fasnacht. 

I. — First Year, containing an Introduction to the German order 
of Words, with Copious Examples, extracts from German Authors 
in Prose and Poetiy ; Notes, and Vocabularies. Extra Fcap. ^yo.^ 
2s. 6d. 

Macmillan's Primary German Reading Books. 

(See page 62.) 
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Macmillan's Foreign School Classics. Edited by 

G. EuGftNE Fasnacht, i8ino. 

GERMAN. 

FREYTAG (G.).— DOKTOR LUTHER. Edited by Francis 
Storr, M.A., Plead Master of the Modem Side, Merchant Tay- 
lors* School. [In preparation, 

GOETHE— GOTZ VON BERLICHINGEN. Edited by H. A. 
Bull, M.A., Assistant Master at Wellington College. 2j. 

GOETHE— FAUST. Part I., followed by an Appendix on Part 
II. Edited by Jane Lee, Lecturer in German Literature at 
Newnham College, Cambridge. 4?. dd, 

HEINE— SELECTIONS FROM THE REISEBILDER AND 
OTHER PROSE WORKS. Edited by C. Colbeck, M.A., 
Assistant-Master at Harrow, late Fellow of Trinity College, 
Cambridge. 2j. 6^/. 

LESSING.— MINNA VON BARNHELM. Edited by James 
SiME. [/« prepara 'ion, 

SCHILLER— SELECTIONS FROM SCHILLER'S LYRICAL 
POEMS. Edited, with Notes and a Memoir of SchDler, by E. J. 
Turner, B.A., and E. D. A. Morshead, M.A. Assistant- 
Masters in Winchester College. 2J. 6rfl 

SCHILLER— DIE JUNGFRAU VON ORLEANS. Edited by 
Joseph Gostwick. 2.5. 6d. 

SCHILLER— MARIA STUART. Edited by C. Sheldon, M.A., 
D.Lit., of the Royal Academical Institution, Belfast. 2s. 6d, 

SCHILLER— WILHELM TELL. Edited by G. E. Fasnacht. 

[In the press. 

SCHILLER.— WALLENSTEINS LAGER. Edited by H. B. 
Cotterill, M.A. [In the press, 

UHLAND— SELECT BALLADS. Adapted as a First Easy Read- 
ing Book for Beginners. With Vocabulary. Edited by G. E. 
Fasnacht. ix. 

%* Other Volumes to follow, 

(See also French AtUhors^ page 63.) 

Pylodet.— NEW GUIDE TO GERMAN CONVERSATION ; 
containing an Alphabetical List of nearly 800 Familiar Words ; 
followed by Exercises ; Vocabulary of Words in frequent use ; 
Familiar Phrases and Dialogues ; a Sketch of German Literature^ 
Idiomatic Expressions, &c. By L. Pylodet. i8mo, cloth limp. 
2s. 6d, 

i t 

Whitney. — ^Works by W. D. Whitney, Professor of Sanskrit 
fijid Instructor in Modem Languages in Yaie College. 
A COMPENDIOUS GERMAN GRAMMAR. Crown 8vo. 4J. &/. 
A GERMAN REAE|ER IN PROSE AND VERSE. With Notea 
and Vocabulary. Crown'Svo. $s. 



66 MACMILLAN'S EDUCATIONAL CATALOGUE. 



Whitney and Edgren.— a COMPENDIOUS GERMAN 

AND ENGLISH DICTIONARY, with Notation of Correspon- 
dences and Brief Etymologies. By Professor W. D. WHITNEY, 
assisted by A. H. Edgren. Crown 8vo. 7^. 6d, 

THE GERMAN-ENGLISH PART, separately, $5. 

MODERN GREEK. 

Vincent and Dickson. — handbook TO MODERN 
GREEK. By Edgar Vincent and T. G. Dickson, M.A. 
Second Edition, revised and enlarged, with Appendix on the 
relation of Modem and Classical. Greek by I^rofessor JSBB. 
Crown 8vo. 6s, 

ITALIAN. 

Dante. — the purgatory of DANTE. Edited, with 
Translation and Notes, by A. J. Butler, M.A., late Fellow of 
Trinity College, Cambridge. Crown 8vo. I2j. 6d, 
THE PARADISO OF DANTE. Edited, with Translation and 
Notes, by the same Author. Crown 8vo. I2s, 6d, 



DOMESTIC ECONOMY. 

Barker. -FIRST LESSONS IN THE PRINCIPLES OF 
COOKING. By Lady Barker. New Edition. i8mo. is. 

Berners. — FIRST LESSONS ON HEALTH. By J. Berners. 
New Edition. i8mo. is. 

Fawcett. — tales in political economy. By MiLLi- 
CENT Garrett Fawcett. Globe 8vo. 3^. 

Frederick.— HINTS TO HOUSEWIVES ON SEVERAL 
POINTS, PARTICULARLY ON THE PREPARATION OF 
ECONOMICAL AND TASTEFUL DISHES. By Mrs. 
Frederick. Crown 8vo. is, 

" This unpretending and useful little volume distinctly supplies a desideratum 
.... The author steadily keeps in view the simple axm of 'making every-day 
meals at home, particularly the dinner, attractive/ without adding to the ordinary 
household expenses." — Saturday Rkview. 

Grand'homme.— CUTTING-OUT AND DRESSMAKING. 

From the French of Mdlle. E. Grand' HOMME. With Diagrams. 
i8mo. I J. 

Jex- Blake.— THE CARE OF INFANTS. A Manual for 
Mothers and Nurses. By Sophia Jex-Blake, M.D., Member 
of the Irish College of Physicians ; Lecturer on Hygiene at 
the London School of Medicine for Women. i8mo. is. 
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Tegetmeier.— H OUSEHOLD MANAGEMENT AND 
COOKERY. With an Appendix of Recipes used by the 
Teachers of the National School of Cookery. By W. B. 
Tegetmeier. Compiled at the request of the School Board for 
London. iSmo. is. 

Thornton.— FIRST LESSONS IN BOOK-KEEPING. By 
J. Thornton. New Edition. Crown 8vo. 2s, 6d. 
The object of this volume is to make the theory of Book-keepmg sufficiently 
plain for even children to understand it. 

A Key to the ahom is in the press, 

Wright. — THE SCHOOL COOKERY-BOOK. Compiled and 
Edited by C. E. Guthrie Wright, Hon Sec. to the Edinburgh 
School of Cookery. i8mo. is. 

ART AND KINDRED SUBJECTS. 

Anderson.— LINEAR PERSPECTIVE, AND MODEL 
DRAWING. A School and Art Class Manual, with Questions 
and Exercises for Examination, and Examples of Examination 
Papers. By Laurence Anderson. With Illustrations. Royal 
8vo. 2.S. 

Collier A primer OF ART. With Illustrations. By John 

Collier. i8mo. is, 

Delamotte — a BEGINNER'S DRAWING BOOK. By 
. P. H. Delamoti'e, F.S.A. Progressively arranged. New 
Edition improved. Crown 8vo. 3j. %d, 

Ellis. — SKETCHING FROM NATURE. A Handbook for 
Students and Amateurs. By Tristram J. Ellis. With a 
Frontispiece and Ten Illustrations, by H. Stacy Marks, 
R.A., and Twenty-seven Sketches by the Author. Crown 8vo. 
2J. (id. 

Hunt. — TALKS ABOUT ART. By William Hunt. With a 
Letter from Sir J. E. Millais, Bart., R.A. Crown 8vo. 31. dd, 

Taylor. — A primer of pianoforte playing. By 

Franklin Taylor. Edited by Sir George Grove. i8mo. u. 
WORKS ON TEACHING. 

Blakiston — THE TEACHER. Hints on School Management. 
A Handbook for Managers, Teachers' Assistants, and Pupil 
Teachers. By J. R. Blakiston, M.A. Crown 8vo. 2f. td, 
(Recommended by the London, Birmingham, and Leicester 

School Boards.) ^ , , , ^ j. , 

* Into a comparatively small book he has crowded a great deal of exceedingly 
useful and sound advice. It is a plain, common-sense book, fuU of hmts to the 
teacher on the management of his school and his children. —School Board 

Calderwood — ON TEACHING. By Professor Henry Calder- 
WOOD. New Edition. Extra fcap. Svo. V- 6d. 
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Carter.— EYESIGHT in schools, a Paper read before the 
Association of Medical Officers of Schools on April 15th, 1885. 
By R. Brudenell Carter, F.R.C.S., Ophthalmic Surgeon to 
St. George's Hospital. Crown 8vo. Sewed, is, 

Fearon. — SCHOOL inspection. By D. R. Fearon, M.A., 
Assistant Commissioner of Endowed Schools. New Edition. 
Crown 8vo. 2s, 6d, 

Gladstone. — object teaching, a Lecture delivered at 

the Pupil-Teacher Centre, William Street Board School, Ham- 

mersmith. By J. H. Gladstone, Ph.D., F.R.S., Member of 

the London School j Board. With an Appendix. Crowo 

8vo. 3^. 

"It is a short but interesting and instructive publication, and our younger 

teachers will do well to read it carefully and thoroughly. There is much m these 

few pages which they can learn and profit by." — ^Thh School Guardian. 

HerteL— OVERPRESSURE IN HIGH SCHOOLS IN DEN- 
MARK. By Dr. Hertel, Municipal Medical Officer, Copen- 
hagen Translated from the Danish by C. Godfrey Sorensen. 
With Introduction by Sir J. Crichton-Browne, M.D., LL.D., 
F.R.S. Crown 8vo. 3^. 6d, 
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*ij* For other Works by these Authors, see Theological 

Catalogue. 
Abbott (Rev. E. A.)— bible lessons. By the Rev. 
E. A. Abbott, D.D., Head Master of the City of London 
School. New Edition. Crown Svo. 4J. 6d, 
"Wise, suggestive, -and really profound initiation into religious thought." 
—Guardian. 

Abbott — Rushbrooke. — the COMMON TRADITION OF 

THE SYNOPTIC GOSPELS, in the Text of the Revised 
Version. By Edwin A. AbbottJ D.D., formerly Fellow of St. 
John's College, Cambridge, and W. G. Rushbrooke, ML., 
formerly Fellow of St. John's College, Cambridge. Crovjni Svo. 
3j. 6d, 

The Acts of the Apostles. — Being the Greek Text as 
revised by Professors Westcott and Hort. With Explanatory 
Notes for the Use of Schools, by T. E. Page, M.A., late Fdlow 
of St. John's College, Cambridge ; Assistant Master at the Charter- 
house. Fcap. Svo. 4^. 6d, 

Arnold. —A biblereading for schools. —the 

GREAT PROPHECY OF ISRAEL'S RESTORATION 
(Isaiah, Chapters xl. — ^Ixvi.). Arranged and Edited for Young 
Learners. By Matthew Arnold, D.C.L., formerly Professor 
of Poetry in the University of Oxford, and Fellow of Oriel, 
I^ew Edition. i8m0| cloth, is. 



DIVINITY. 69 



Arnold.— ISAIAH XL.— LXVI. with the Shorter Prophedcs 
allied to it. Arraniged and Edited, with Notes, by Matthew 
Arnold. Crown 8vo. 5j. 
ISAIAH OF JERUSALEM, IN THE AUTHORISED ENG- 
LISH VERSION. With Introduction, Corrections, and Notes. 
By Matthew Arnold. Crown 8vo. 4J. dd. 

Benham.— A companion to the LECTIONARY. Being 
a Commentary on the Proper Lessons for Sundays and Holy Days. 
By Rev. W. Benham, B.D., Rector of S. Edmund with S. 
Nicholas Aeons, &c. New Edition. Crown 8vo. 41. 6^. 

Calvert.— GREEK testament, School Readings in the. A 
Course of thirty-six Lessons mainly following upon the Narrative 
of St. Mark. Edited and Arranged with Introduction, Notes and 
Vocabulary, by the Rev. A. Ca»lvert, M.A., late Fellow of St. 
John's College, Cambridge. Fcap. 8vo. \In the press, 

Cassel.— MANUAL OF JEWISH HISTORY AND LITERA- 
TURE ; preceded by a BRIEF SUMMARY OF BIBLE HIS- 
TORY. By Dr. D. Cassel. Translated by Mrs. Henry Lucas. 
Fcap. 8vo. 2J. 6</. 

Cheetham.— A CHURCH history of the first six 

CENTURIES. By the Ven. Archdeacon Cheetham, 
Crown 8vo. \In the press. 

Cross. — BIBLE READINGS SELECTED FROM THE 
PENTATEUCH AND THE BOOK OF JOSHUA. By 
the Rev. John A. Cross. Globe 8vo. 2j. (id, 

Curteis.— MANUAL OF THE THIRTY-NINE ARTICLES. 
By G. H. Curteis, M.A., Principal of the Lichfield Theo- 
logical College. [In proration 

Davies.— THE EPISTLES OF ST. PAUL TO THE EPHE- 
SIANS, THE COLOSSIANS, AND PHILEiMON ; with 
Introductions and Notes, and an Essay on the Traces of Foreign 
Elements in the Theolf'gy of these Epistles. By the Rev. J. 
Llewelyn Davies, M.A., Rector of Christ Church, St Mary- 
lebone ; late Fellow of Tri lity College, Cambridge. Second 
Edition. Demy 8vo. *is, 6d, 

Drummond.— THE STUDY OF THEOLOGY, INTRO- 
DUCTION TO. By James Drummond, LL.D., Professor of 
Theology in Manchester New College, London. Crow n 8vo. 5^. 

Gaskoin.— THE CHILDREN'S TREASURY OF BIBLE 
STORIES. By Mrs. Herman Gaskoin. Edited with Preface 
by Rev. G. F. Maclear,D.D. Part L— OLD TESTAMENT 
HISTORY. i8mo. is. Part II.— NEW TESTAMENT. i8mo. 
1*. Part HI.— THE APOSTLES i ST. JAMES THE GREAT, 
ST. PAUI^ AND ST JOHN THE DIVINE. i8mo. \s. 
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Golden Treasury Psalter. — students' Edition. Being an 

Edition of "The Psalms Chronologically arrangedy by Four 
Friends," with briefer Notes. i8mo. y. 6d, 

Greek Testament. — Edited, with Introduction and Appen- 
dices, by Canon Westcott and Dr. F. J. A. Hort. Tveo 
Vols. Crown 8vo. loj. Sd. each. 
Vol I. The Text. 
VoL II. Introduction and Appendix. 

Greek Testament. — Edited by Canon Westcott and Dr. 
Ho&T. School Edition of Text. i2mo. doth. 49. 6d. i8mo. 
roan, red edges. 5^. 6d. 

SCHOOL READINGS IN. A Course of Thirty-Six Lessons, mainly 
following upon the Narrative of St. Mark. Edited and Arranged, 
with Introduction, Notes, and Vocabulary, by Rev. A. Calvert, 
M. A., late Fellow of St. John's College, Cambridge. Fcap, 8va 

[Im/fiidia^efy, 

THE ACTS OF THE APOSTLES. Being the Greek Text as 
revised by Drs. Westcott and Hort. With Explanatory Notes 
by T. E. Page, M.A., Assistant Master at the Charterhouse. 
Fcap. 8vo. 4J. 6d, 

THE GOSPEL ACCORDING TO St. MARK. Being the Greek 
Text as revised by Drs. Westcott and Hort. With Explanatory 
Notes by Rev. J. O. F. Murray, M.A., Lecturer in Emmanud 
College, Cambridge. Fcap. 8vo. \In preparation. 

Hard wick. — Works by Archdeacon Hardwick :— 
A HISTORY OF THE CHRISTIAN CHURCH. Middle 
Age. From Gregory the Great to the Excommunication of 
Luther. Edited by William Stubbs, M.A., Regius Professor 
of Modem History in the University of Oxford. With Four 
Maps, New Edition. Crown 8vo. loj. dd, 
A HISTORY OF THE CHRISTIAN CHURCH DURING 
THE REFORMATION. Eighth Edition. Edited by Professor 
Stubbs. Crown 8vo. lor. 6^. 

Jennings and Lowe. — THE PSALMS, WITH INTRO- 
DUCTIONS AND CRITICAL NOTES. By A. C. Jennings, 
M.A. ; assisted in parts by W. H. Lowe, M.A. In 2 vols. 
Second Edition Revised. Crown 8vo. \os, 6d, each. 

Kuenen. — PENTATEUCH and book of JOSHUA: an 
Historico- Critical Inquiry into the Origin and Composition of the 
Hexateuch. By A. Kuenen, Professor of Theolc^ at Leiden. 
Translated from the Dutch, with the assistance of the Author, by 
Phillip H. Wicksteed, M.A. 8vo, 14J. 

T^ Oxford Magazine says:— "The work is absolutely indispensable to all 
special students of the Old Tesument." 
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Lightfoot.— Works by the Right Rev. J. B. Lightfoot, D.D., 
D.C.L., LL.D., Lord Bishop of Durham. 

ST. PAUL'S EPISTLE TO THE GALATIANS. A Revised 
Text, vith Introduciion, Notes, and Dissertations. Ninth 
Edition, revised. 8vo. 12s, 

ST. PAUL'S EPISTLE TO THE PHILIPPIANS. A Revised 
Text, with Introduction, Notes, and Dissertations. Ninth 
Edition, revised. 8vo. I2J. 

ST. CLEMENT OF ROME— THE TWO EPISTLES TO 
THE CORINTHIANS. A Revised Text, with Introduction and 
Notes. 8vo. Ss, 6d, 

ST. PAUL'S EPISTLES TO THE COLOSSIANS AND TO 
PHILEMON." A Revised Text, with Introductions, Notes, 
and Dissertations. Eighth Edition, revised. 8vo. 12s, 

THE APOSTOLIC FATHERS. Part II. S. IGNATIUS— 
S. POLYCARP. Revised Texts, with Introductions, Notes, 
Dissertations, and Translations. 2 volumes in 3. Demy 8vo. 4&r. 

Maclear.— Works by the Rev. G. F. Maclear, D.D., Canon of 

Canterbury, Warden of St. Augustine's College, Canterbury, and 

late Head-Master of King's College School, London : — 
A CLASS-BOOK OF OLD TESTAMENT HISTORY. New 

Edition, with Four Maps. i8mo. 4s. dd, 
A CLASS-BOOK OF NEW TESTAMENT HISTORY, 

including the Connection of the Old and New Testaments. 

With Four Maps. New Edition. i8mo. 5^. 6d. 
A SHILLING BOOK OF OLD TESTAMENT HISTORY, 

for National and Elementary Schools. With Map. i8mo, cloth. 

New Edition. 
A SHILLING BOOK OF NEW TESTAMENT HISTORY, 

for National and Elementary Schools. With Map. i8mo, cloth. 

New Edition. 
These works have been carefully abridged from the Author's 

large manuals. 
CLASS-BOOK OF THE CATECHISM OF THE CHURCH 

OF ENGLAND. New Edition. i8mo. u. dd, 
A FIRST CLASS-BOOK OF THE CATECHISM OF THE 

CHURCH OF ENGLAND. With Scripture Proofs, for Junior 

Classes and Schools. New Edition. i8mo. (>d, 
A MANUAL OF INSTRUCTION FOR CONFIRMATION 

AND FIRST COMMUNION. WITH PRAYERS AND 

DEVOTIONS. 32mo, cloth extra, red edges. 2j. 

Maurice.— THE LORD'S PRAYER, THE CREED, AND 
THE COMMANDMENTS. A Manual for Parents and 
Schoolmasters. To which is added the Order of the Scriptures. 
By the Rev. F.Denison Maurice, M.A. i8mo, cloth, limp. i« 
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Pentateuch and Book of Joshua : an Historico-Critical 

Inquiry into the Origin and Composition of the Hexateuch. By 
A. KUENBN, Professor of Theology at Leiden. Translated from 
the Dutch, with the assistance of the Author, by Phiup H. 
WiCKSTEED, M.A. 8vo. 14;. 

Procter.— A HISTORY of the BOOK OF COMMON 
PRAYER, with a Rationale of its Offices. By Rev. F. Procter. 
M.A. Seventeenth Edition, revised and enlarged. Crown Svo. 
lar. 6^. 

Procter and Maclean — an elementary intro- 
duction TO the book of common PRAYER. Re- 
arranged and supplemented by an Explanation of the Morning 
and Evening Prayer and the Litany. By the Rev. F. Procter 
and the Rev. Dr. Maclear. New and Enlarged Edition, 
containing the Communion Service and the Confirmation and 
Baptismal Offices. i8mo. 2s, 6d, 

The Psalms, with Introductions and Critical 

Notes. — By A. C.Jennings, M.A., Jesus CoUegp» Camlddge, 
Tyrwhitt Scholar, Crosse Scholar, Hebrew University Prizeman, 
and Fry Scholar of St. John's College, Cams ^and Scholefield 
Prizeman, Vicar of Whittlesford, Cambs, ; assisted in Parts by W. 
H. Lowl^ M.A., Hebrew Lecturer and late Scholar of Christ's 
College, Cambridge, and Tyrwhitt Scholar. In 2 vols. Second 
* Edition Revised. Crown Svo. lor. 6d. each. 

Ramsay.— THE CATECHISER'S MANUAL ; or, the Church 
Catechism Illustrated and Explained, for the Use of Clergjymen, 
Schoolmasters, and Teachers. By the Rev. Arthur Ramsay, 
M.A. New Edition. i8mo. is, 6d, 

Ryle.-— AN INTRODUCTION TO THE CANON OF THE 
OLD TESTAMENT. By Rev. H. E. Ryle, M.A., Fellow 
of King's College, Cambridge, and Principal of St. David's College, 
Lampeter. Crown Svo. \In preparation, 

St. John's Epistles. — The Greek Text with Notes and Essays, 
by Brooke Foss Westcott, D.D., Regius Professor of Divinity 
and Fellow of King's College, Cambridge, Canon of Westminster, 
&c. Second Edition Revised. Svo. 12s, 6d. 

St. Paul's Epistles.— Greek Text, with Introduction and 
Notes. 
THE EPISTLE TO THE GALATIANS. Edited by the Right 
Rev. J. B. LiGHTFOOT, D.D., Bishop of Durham. Ninth 
Edition. Svo. 12s, 
THE EPISTLE TO THE PHILIPPIANS. By the same Editor, 
'th Edition. Svo. 12s, 
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St. Paul's E pities {continued}— 
THE EPISTLE TO THE COLOiSSIANS AND TO PHI- 
LEMON. B7 the same Editor. Eighth Edition. 8vo. 12s, 

THE EPISTLE TO THE ROMANS. Edited bv the Very Rev. 
C. J. Vaughan, D.p., Dean of Llandafi^ and Master of the 
Temple. Fifth Edition. Crown 8vo. 71. 6d, 

THE EPISTLE TO THE PHILIPPL^NS, with Translation, 
Paraphrase, and Notes for English Readers. By the same Editor. 
Crown 8vo. 5x. 

THE EPISTLE TO TH^ THIESSALONIANS, COMMEiNT- 
ARY ON THE GREEK TEXT. By John Eadie, D.D., LL.D. 
Edited by the Rbv. W. Young, M.A., with Preface by Professor 
Cairns. 8vo. 12s, 

THE EPISTLES TO THE EPHESIANS, THE COLOSSIANS, 
AND PHILEMON; with Introductions and Notes, and an 
Essay on the Traces of Foreign Elements in the Theology of these 
Epistles. By the Rev. J. Llewelyn Davies, M.A., Rector of 
Christ Churdiy St. Maryleboue ; late Fellow of Trinity Collie, 
Cambridge. Second Edition, revised. Demy 8vo. 7^. 6d, 

The Epidtlel tb the Hebrews, in Greek and English. 
With Critical and Explanato^ Notes. Edited bv Rev. Frederic 
Rendall, M.A., formerly rellow of Trinity College, Camtiridge, 
and Assistalnt-Mastti: at Harrow SchooL Crown 8vo. 6s, 

The Epistli^ tb the Hebrews. The Greek Text with 
Notes and Essays by B. F. Westcott, D.D. 8vo. [In the^ress, 

WestCOtt. — ^Worksby Brooke Foss Westcot*?, O.D., Canon of 
Westminster, R^as Professor of Divinity, and Fellow of King's 
College, Cambridge. 

A GENERAL SURVEY OF THE HISTORY OF THE 
CANON OF THE NEW TESTAMENT DURING THE 
FIRST FOUR CENTURIES. Sixth Edition. With Preface on 
** Supernatural Religion." Crown 8vo. iQs, 6d, 

INTRODUCTION TO THE STUDY OF THE FOUR 
GOSPELS. Sixth Edition. Crown 8vo. lor. 6^ 

THE fitBLE IN THfi CHURCH. A Popular Account of the 
Collection and Reception of the Holy Scriptures in the Christian 
Churches. New Edition. l8mo, doth. 41. 6d, 

THE EPISTLES OF ST. JOHN. The Greek Text, with Notes 
and Essays. Second Edition Revised. 8vo. 12s, 6d, 

THE EPISTLE TO THE HEBREWS. Tlie Greek Text 
Revised, with Notes and Essays. 8vo. [In the press. 

SOME THOUGHTS FROM THE. O^TA^KV., Cx,%s^. ^^.^^ 
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Westcott and Hort. — the new testament in 

THE ORIGINAL GREEK. The Text Revised by B. F. 
Westcott, D.D., Regius Professor of Divinity, Canon oif 
We^-tminster, and F. J. A. Hort, D.D., Hnlsean Professor of 
Divinitv ; Fellow of Emmanuel College, Cambridge : late Fellows 
of Trinity College, Cambridge, 2 vols. Crown 8vo. los. 6d, each. 

Vol. I. Text. 

Vol. II. Introduction and Appendix. 

THE NEW TESTAMENT IN THE ORIGINAL GREEK, 
FOR SCHOOLS. The Text Revised by Brooke Foss West- 
cott, D.D., and Fenton John Anthony Hort, D.D. i2mo. 
doth. 4r. 6d, i8mo. roan, red edges. $s, 6d, 

Wilson. — THE BIBLE STUDENT'S GUIDE to the more 
Correct Understanding of the English Translation of the Old 
Testament, by reference to the original Hebrew. By W^illiam 
Wilson, D.I)., Canon of Winchester, late Fellow of Queen's 
College, Oxford. Second Edition, carefully revised. 4to. 
doth. 251. 

Wright.— THE BIBLE WORD-BOOK : A Glossary of Archaic 
Words and Phrases in the Authorised Version of the Bible and the 
Book of Common Prayer. By W. Aldis Wright, M.A., Fellow 
and Bursar of Trinity Cfollege, Cambridge. Second Edition, Revised 
and Enlarged. Crown 8vo. 7^. 6d, 

Yonge (Charlotte M.).— scripture readings for 

SCHOOLS and FAMILIES. By Charlotte M. Yongb. 

Author of ** The Heir of RedclyfTe." In Five Vols. 
First Series. Genesis to Deuteronomy. Extra fcap. 8vo. 

IX, 6d, With Comments y, 6d, 
Second Series. From Joshua to Solomon. Extra fcap. 

8vo. IS, 6d. With Comments, 3^. 6d, 
Third Series. The Kings and the Prophets. Extra fcap. 

8vo. is. 6^. With Comments, 31. 6d, 
Fourth Series. The Gospel Times, is, 6d, With Conmients. 

Extra fcap. 8vo, 31. W. 
Fifth Series. Apostolic Times. Extra fcap. 8vo. u. 6d, 

With Comment?, 3J. 6d, 

Zechariah— Lowe.— THE Hebrew students com- 
mentary on zechariah, HEBREW AND LXX. 
With Excursus on Syllable-dividing, Metheg, Initial Dagesh, and 
Siman Rapheh. By W. H. Lowe, M.A., Hebrew Lecturer at 
Christ's College, Cambridge. Demy 8vo. lor. 6d, 
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" These excellent biographies shonld be made class-books for schools. 

— iVestminster Review. 
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POPULAR ED ITION, ONE SHI LLING EACH. 

Now Publishing in Monthly Volumes (Volume I., January, 1887), 
price One Shilling each in Paper Cover, or in Limp Cloth 

Binding, Eighteenpence. 

English /Ren of Xetters 

Edited by JOHN MORLBY. 

" This admirable series." — 7>5^ Guardian. 
"Enjoyable and excellent little books." — Academy. 



JOHNSON. 

By LESLIE STEPHEN. 
SCOTT. 

By R. H. HUTTON. 
GIBBON. 

By J. C. MORISON. 
SHELLEY. 

By J. A. SYMONDS. 
HUME. 

By T. H. HUXLEY, F.R.S. 
GOLDSMITH. 

By WILLIAM BLACK. 
DEFOE. 

ByW. MINTO. 
BURNS. 

By Principal SHAIRP. 
SPENSER. 

By the Very Rev. the DEAN OF 

ST. PAUL'S. 
THACKERAY. 

By ANTHONY TROLLOPE. 
BURKE. 

By JOHN MORLEY. 
MILTON. 

By MARK PATTISON. 
HAWTHORNE. 

By HENRY JAMES. 
SOUTHEY. 

By Professor DOWDEN. 
BUNYAN. 

By J. A. FROUDE. 
CHAUCER. 

By Professor A. W. WARD. 
COWPER. 

By GOLDWIN SMITH. 
POPE. 

By LESLIE STEPHEN. 



BYRON. 

By Professor NICHOL. 
DRYDEN. 

By G. SAINTSBURY. 
LOCKE. 

By THOMAS FOWLER. 
WORDSWORTH. 

By F. W. H. MYERS. 
LAN DOR. 

By SIDNEY COLVIN. 
DE QUINCEY. 

By Professor MASSON. 
CHARLES LAMB. 

By Rev. A. AINGER. 
BENTLEY. 

By Professor R. C. JEBB. 
DICKENS. 

By Professor A. W. WARD. 
GRAY. 

By EDMUND GOSSE. 
SWIFT. 

By 'LESLIE STEPHEN. 
STERNE. 

By H. D. TRAILL. 
MACAULAY. 

ByJ. a MORISON. 
FIELDING. 

By AUSTIN DOBSON 
SHERIDAN. 

By Mrs. OLIPHANT. 
ADDISON. 

By W. J. COURTHOPE. 
BACON. 

By the Very Rev. the DEAN OF 

ST. PAUL^ 
COLERIDGE. 

By H. D. TRAILL. 
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MAGMILLAN'S GLOBE LIBRARY. 

Piicx 3X. 6d, £ACit 
SHAKESPEARE'S COMPLETE WORKS. 

Edited by W. G. Clark^ M.A., and W. Aldis W&IGHT, M. A. 

MORTE D' ARTHUR. The Book of King Arthur 

and <tf iHh'Noble Knightsf of the Rbund TalAe; Origil# Edition 
of CaXtdh tevis6d for modern use, with Ndts, &c.^ By Sir E. 
St&achey. 

ROBINSON CRUSpife. Edited after the Original 

Editions. With a Biographical Introduction by Hen&y 
KiNGSLEY, F.R.G.S. 

SIR WALTER SCOTT'S POETICAL WORKS, 

Edited, with Biographical and Critical Memoir, by F. T. 
Palgravs. 

DRYDEN'S POETICAL WORKS. Edited, with 

a Memoir, Revised Text, and Notes, by W. D. Christie, M.A. 

COWPER'S POETICAL WORKS. Edited, with 

Biographical Introduction and Notes, by Rev. W. Ben ham, B.D. 

VIRGIL. Rendered into English Prose by J. 
Lonsdale, M.A., and S. Lee, M.A. 

HORACE. Rendered into English Prose by J. 
Lonsdale, M.A., and S. Lee, M.A. 

BURNS'S COMPLETE WORKS. Edited from 
the best Printed and MS. Authorities. By Alexander Smith. 

GOLDSMITH'S MISCELLANEOUS WORKS. 

With Biographical Introduction by Professor Masson. 

POPE'S POETICAL WORKS. Edited, with 

Notes and Memoir, by Professor Ward, of Owens College. 

SPENSER'S COMPLETE WORKS. Edited 

from the Original Editions and Manuscripts, with Glossary, by 
R. Morris. 

MILTON'S POETICAL WORKS. Edited with 

Introductions and Notes, by Professor Masson. 
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A NEW HISTORY OF 

ENGLISH LITERATURE 

IN FOUR VOLUMES. 

Crown 8vo. 



ELIZABETHAN LITERATURE. 

By GEORGE SAINTSBURY. in the Press. 



This is the first instalment of a History of English Literature divided 
into four main periods, each of which is entrusted to a writer who has 
made that period his special study. The idea of the work was due in 
the first instance to the late Mr. J. R. Green, whose view was that the 
field of English literature was too vast to be adequately covered by any 
single writer. Each writer will work independently, but the. plan will, 
as far as possible, be uniform throughout. The chief writers of each 
period will be illustrated by ample specimens. The third and fourth 
volumes, which have been uixdertaken respectively by Mr. Edmund 
Gosse and Prof. Dowden, will appear, it is hoped, at no long interval 
after the present volume. The first volume, on the Early Literature, 
had been undertaken by Mr. Stopford Brooke ; but, it being doubtful 
whether his other engagements will admit of his fulfilling his intention, 
arrangements are in progress for placing the work in other competent 
hands. 



In preparation, 

THE AGE OF QUEEN ANNE. By Edmund Gossfi. 
THE MODERN PERIOD. By Professor E. Dowden. 
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A NEW GEOGRAPHICAL SERIES. 



The neglect of Geography as an important branch of education has 
long been recognised in this country. But little has yet been done to 
remedy the evil. Where the subject is taught at all it is usually made 
a task for the memory rather than an exercise of the observing and 
reasoning faculties. Yet, employed as it might be, it possesses peculiar 
advantages as an instrument of education. Beginning with the objects 
and experiences of daily life, it may be used to awaken and sustain the 
interest, and even the enthusiasm of pupils. From the familiar topo- 
graphy of their schoolroom and playground, the youngest scholars may 
be imperceptibly led onward to just and vivid conceptions of the various 
countries and climates of the globe. There is a perennial human interest 
about Geography that may be made to play round even the driest path- 
ways of scientific disquisition. Every one is concerned to know how 
the dry land has come to wear its present forms, why its climates vary 
frojn region to region, what has determined the characteristic grouping 
of plants and animals in different countries, how the career of mankind 
has been moulded by the physical features of the earth's surface, and 
how far human interference has changed the aspects of nature. These 
problems, and many others akin to them, are peculiarly fitted to present, 
m the most intelligible and attractive form, the nature and methods of 
scientific observation and deduction. A teacher, well qualified for his 
task, may employ them as an admirable means of kindling in his pupils 
a love of nature, and of developing habits of observation which will be 
of inestimable value in after life. 

That Geography has not yet attained in this country the position 
which its real value as a means of education entitles it to hold, may be 
traced to various causes. To overcome the obstacles in its way, and to 
surmount the indifference of the long use and wont which has kept it in 
its present position of degradation, will not be accomplished in a day. 
Vigorous efforts are now being made to remedy the present unsatisfac- 
tory state of things. It appears probable that one of the most effective 
methods of raising the standard of geographical teaching will be to 
place in the hands of teachers a series of class-books written from an 
entirely different point of view from those now in use, by authors of 
established reputation in their own domain of investigation. Formerly 
scieEce text-books were left in the hands of mere book-makers or com- 
pilers ; but it has for some years past been recognised that a satisfactory 
text-book of any science can only be obtained from an acknowledged 
original master of the subject. And there seems no reason why class- 
books of Geography should not now be prepared in the same way. 

But one of the chief difficulties to be encountered in such an under- 
taking is that, through no fault of their own, teachers have compara- 
tjvely seldom been taught to know what geography really is, and they 
need therefore to be themselves ItaineA. Va. \}cvt ;vxX. o^ l^-ajching it. The 
nrinciples of geography, ho^wevet, caxuvoXXi^ ^^^^^Iv?^-^ \."S!aj|!c^.\\^^Si. 
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books. They must be enforced practically from femiliar local illustra- 
tions. The first endeavour of the teacher' should be to lay a solid 
geographical basis, founded upon the pupil's own personal experience, 
and not until some progress in this respect has been made can he expect 
to make advantageous use of a class-book. The first book, therefore, 
in a series of works intended for effective geographical teaching, should 
be one for the teacher, fiill of suggestions and illustrations to aid him in 
his work of oral instruction. 

For the pupils, the earliest geographical lesson-book put into their 
hands should be one that will take up their training at the point to 
which the oral lessons and demonstration of the teacher have brought 
them. It should deal with their own country, carrying out the same 
kind of instruction to which they have already become accustomed. 
■ Afterwards, class-books treating of other countries and continents, of 
the world as a whole and of its planetary relations, will be reached. 

Throughout such a series of geographical class-books the fundamental 
idea should be to present the essential facts in such a way as will show 
their relationship to each other, and will convey to the mind of the 
pupil a clear picture of the country or subject described. For instance, 
the physical features will be connected with the climatology of a country, 
and both will be shown to affect the distribution of life, while the bear- 
ing of all these influences upon human history and commercial progress 
will be constantly kept in view. The boundaries of parishes and 
countries, the positions of towns and the diffusion of population, will 
be linked with their geographical explanation. A knowledge of the 
topography of a country, and of the local names by which it is expressed, 
wUl be shown to be the necessary accompaniment of an adequate 
knowledge of the history of the inhabitants. In short, it should be a 
constant aim to represent geography not as a series of numerical tables 
or a string of disconnected facts, but as a luminous description of the 
earth and its inhabitants, and of the causes that regulate the contrasts of 
the scenery, climate, and life. 

Messrs. MacMILLAN & Co. propose to issue a series of geographical 
class-books prepared wifh this aim. They have placed the editorship 
of the series in the hands of Mr. Archibald Geikie, F.R.S., Director- 
General of the Geological Survey of the United Kingdom, and the 
following gentlemen have already expressed their interest in the under- 
taking, and their willingness to assist either as writers or advisers. 

II. W. Bates, F.R.S., Assistant- Secretary of the Royal Geographical 

Society ; Author of ** The Naturalist on the River Amazons. 
A. BUCHAN, M.A., F.R.S.E., Meteorological Secretary of the Scottish 

Meteorological Society. 
John Scott Keltie, Librarian and Inspector of Geographical 

Education to the Royal Geographical Society ; Editor of ** The 

Statesman's Year Book." 
J. Norman Lockyer, F.R.S., Cottes^^oiv^'eoN. ^\ >^n6. "Vc^^jss^a ^ 

France; Author of "Solar PYiysVcs" " Y\<ws>L<eo\ajpj \*ssi5ica»>s 
AstroDomy," &(^ 
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Clbmknts R. Ma&kham, C.B., F.R^S., Secretaiy of the Roy^ 
Geographical Societ}!^ 

John Murray, Ph.D., F.R.S.E., Director of the CJiallenger Expe- 
dition Commission. 

Rev. H. F. TozER, M.A., Fellow of Exeter College, Oxford; Author 
of " The Geomphy of Greece," " Highlands of Turkey," &c 

E. B. Tylor, D.C.L, F.R.S., Keeper of the University Museum, 
Oxford ; Author of " Primitive Culture," &c. 

A. R- Wallace, LL.D., F.R.G.S., Author of "The Malav 
Archipelago," "The Geographical Distribution of Animals, 
&c., &c. 

Rev. Edmond Warre, D.D., Head Master of Eton. 

Rev. J. E. C. Welldon, M. A., Head Master of Harrow. 

The following List of Volumes is contemplated ; and it is hoped that 
one or more wifl be ready very soon : — 

X. The Teaching of Geography. A Practical Handbook for 
the use of Teachers. By Archibald Geikie, F.R.S., 
Director-General of the Geological Survey of the United 
Kingdom, and Director of the Museum of Practical Geology, 
Jermyn Street, London ; formerly Murchison Professor of 
Geology and Mineralogy in the University of Edinburgh. 
Crown 8vo. [In the press, 

%* The aim of this volume is to advocate the claims of geography 
as an educational discipline of a high order, and to show how 
these claims may be practically recognised by teachers. 

2. A Geography of the British Isles. 

3. An Elementary General Geography. / '• 

4. A Geography of the British Colonies. ^-* f" 

5. A Geography of Europe. 

6. A Geography of America. 

7. A Geography of Asia. 

8. A Geography of Africa. 

9. A Geography of the Oceans and Oceanic Islands. 

10. Advanced Class-Book of the Geography of Britain. 

11. Geography of Australia and New Zealand. 

12. Geography of British North America. 

13. Geography of India. 

14. Geography of the United States. 

15. Advanced Class-Book of the Geogr\phy of Europe. 



Richard Clay &» Sous, London and Bungay* 






